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ABSTRACT 

The  North  American  Rayon  Corporation  (NARC)  precursor  has  been  developed,  qualified,  and 
characterized  for  Space  Shuttle  nozzle  carbon-cloth  phenolic  ablative  materials  in  three  distinct  phases. 
The  characterization  phase  includes  thermal  and  structural  material  property  analysis  and  comparisons. 
This  report  documents  the  thermal  and  structural  material  property  characterization  performed  by 
Southern  Research  Institute  (SRI)  on  the  two  NARC  baseline  and  two  crossover  materials. 
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INTRODUCTION 

Southern  Research  Institute  (SRI)  was  selected  by  Thiokol  Corporation  to  perform  thermal  and 
structural  material  characterization  on  four  North  American  Rayon  Corporation  (NARC)  rayon-based 
carbon  phenolics  selected  as  qualification  materials.  This  testing  is  outlined  in  program  plan  TWR- 
18965.  The  material  characterization  included  fill  tension  to  provide  data  on  yarn  response,  across-ply 
tension,  and  compression  to  emphasize  yam-matrix  adhesion,  nondestructive  analysis,  thermal 
expansion,  diffusion,  moisture,  and  volatile  content.  The  four  different  NARC  rayon-based  materials 
were  a combination  of  different  carbonizers  (Polycarbon  and  Hitco)  and  prepreggers  (Fiberite  and  B.P. 
Chemicals).  All  of  the  materials  was  woven  by  Highland  on  their  Rapier  looms.  Each  of  the  four 
materials  was  given  an  acronym  based  on  the  material’s  weaver,  loom,  carbonizer,  and  prepregger. 
Acronyms  for  the  materials  are  as  follows: 

HRHU  = Highland,  Rapier,  Hitco,  U.S.  Polymeric 

HRPU  = Highland,  Rapier,  Polycarbon,  U.S.  Polymeric  (crossover) 

HRHF  = Highland,  Rapier,  Hitco,  Fiberite  (crossover) 

HRPF  = Highland,  Rapier,  Polycarbon,  Fiberite 

SRI  has  prepared  and  submitted  to  Thiokol  Corporation  three  detailed  test  reports  (one  for  HRPF,  one 
for  HRHU,  and  one  for  HRPU  and  HRHF)  documenting  the  results  of  their  material  characterization 
testing  for  the  four  NARC  rayon-based  materials.  These  reports  are  presented  in  Appendixes  A 
through  C.  To  eliminate  redundancy,  the  SRI  report  will  be  referenced  frequently  throughout  this 
report.  Specific  or  detailed  test  data  can  be  found  in  Appendixes  A through  C. 

1.1  TEST  ARTICLE  DESCRIPTION 

The  test  item  consisted  of  four  different  NARC  rayon-based  carbon  phenolics.  A detailed  description 
of  the  test  materials  and  setups  is  given  in  Sections  1.3,  1.4  and  1.5  of  Appendixes  A through  C. 


2 

TEST  OBJECTIVES 

The  following  test  objectives  were  derived  from  TWR-40188  and  Section  1.1  of  Appendixes  A 

through  C: 

a.  'Perform  characterization  testing  on  NARC  HRPF  and  HRHU  to  provide  thermal  structural  data 
for  design  and  analysis. 

b.  Compare  NARC  HRPF  and  HRHU  of  the  characterization  effort  to  NARC  HRPF  and  HRHU  of 
the  qualification,  development  and  D5  efforts  as  well  as  to  the  historical  Avtex  materials. 

c.  Perform  characterization  testing  to  provide  comparisons  of  critical  failure  modes  to  NARC  HRPF 
and  HRHU. 
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EXECUTIVE  SUMMARY 


Objectives 

a.  Perform  characterization  testing  on  NARC 
HRPF  and  HRHU  to  provide  thermal 
structural  data  for  design  and  analysis. 

b.  Compare  NARC  HRPF  and  HRHU  of  the 
characterization  effort  to  NARC  HRPF  and 
HRHU  of  the  qualification,  development, 
and  D5  efforts  as  well  as  to  historical  Avtex 
materials. 

c.  Perform  characterization  testing  to  provide 
comparisons  of  critical  failure  modes  to 
NARC  HRPF  and  HRHU. 


Conclusions 

Data  obtained.  Refer  to  Section  3.0  of 
Appendixes  A and  B for  detailed  characterization 
results. 

Data  obtained.  HRPF  is  generally  equivalent  to 
Avtex  materials.  HRHU  is  also  generally 
equivalent  to  Avtex  materials.  Refer  to  Section 
3.0  of  Appendixes  A and  B for  detailed 
comparisons  of  the  NARC  rayon-based  material 
characterization  data. 

Data  obtained.  HRHF  exhibited  equivalent-to 
or  better-than  in-plane  properties  when 
compared  to  HRPF  and  HRHU.  A similar 
conclusion  can  be  reached  for  HRPU.  Refer  to 
Section  3.0  of  Appendix  C for  detailed 
characterization  results  and  comparisons. 
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INSTRUMENTATION 

Refer  to  Section  2.0  of  Appendixes  A through  C. 


5 

PHOTOGRAPHY 

A microscopic  analysis  of  the  NARC  materials  was  performed  using  a Nikon  Epiphot  stereo 
microscope.  The  micrographs  resulting  from  this  evaluation  are  presented  in  Section  3.2  of 
Appendixes  A through  C. 
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RESULTS  AND  DISCUSSIONS 


6.1  TEST  ARTICLE  ASSEMBLY 

Refer  to  Sections  1.3,  1.4,  and  1.5  of  Appendixes  A through  C for  a detailed  description  of  the  test 
article  and  setup. 

6.2  TEST  DESCRIPTION 

A detailed  discussion  of  the  characterization  testing  can  be  found  in  Section  3.0  of  Appendixes  A 
through  C.  Conclusions  reached  as  a result  of  the  testing  can  be  found  in  Section  6.0  of  Appendixes 
A and  B and  in  Section  5.0  of  Appendix  C. 
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1.0 


INTRODUCTION 


This  is  the  final  report  to  Thiokol  Corporation  on  the  work  performed  at  SRI 
under  P.O.  Number  ORK008.  This  is  Volume  IV  (Characterization  Effort)  of  the  NARC 
material  evaluation  series  which  covers  the  HRPF  characterization  testing. 

1.1  Objective 

The  purpose  of  this  effort  was  to:  1)  perform  characterization  testing  on  NARC 
HRPF  to  provide  thermal  structural  data  for  design  and  analysis,  2)  compare  NARC 
HRPF  of  the  Characterization  effort  to  NARC  HRPF  of  the  Qualification,  Development, 
and  D5  Efforts  as  well  as  historical  AVTEX  materials. 

1.2  Material  Description 

The  material  evaluated  for  this  volume  of  the  Characterization  Effort  was 
MX4926  (HRPF).  The  material  contains  NARC  Rayon  yams  woven  by  Highland  using 
a Rapier  Loom.  The  rayon  cloth  was  carbonized  by  Polycarbon  and  the  carbonized 
cloth  was  prepregged  by  Fiberite.  The  prepregs  were  laid  up  and  cured  at  Thiokol 
Corporation. 

1.3  Test  Matrix 

The  test  matrix  for  this  effort  is  shown  in  Table  1.3-1.  All  mechanical 
specimens  designated  to  be  tested  in  the  temperature  range  of  250  to  1200°F  were 
conditioned  at  105°F/ 40%  RH  for  approximately  three  months  (i.e.,  until  their  weights 
stabilized).  The  data  obtained  from  the  Development  and  Qualification  Efforts  as  well 
as  the  D5  program  were  included  with  the  results  obtained  from  the  Characterization 
Effort  to  provide  a larger  statistical  database. 

It  was  found  that  two  billets  were  misidentified.  Under  Task  4,  billet  BBB-4, 
(HRPF)  should  have  been  labeled  as  Task  3,  billet  AAA-3  (HRHU).  Likewise,  Task  3, 
billet  AAA-3  (HRHU)  should  have  been  labeled  as  Task  4,  billet  BBB-4  (HRPF). 
Fortunately,  the  mistake  was  discovered  before  a majority  of  the  specimens  had  been 
tested. 
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1.4 


Specimen  Preparation 


An  important  part  of  the  specimen  preparation  is  individual  specimen 
identification.  Each  specimen  is  assigned  a unique  designation.  Each  specimen  is  then 
stored  in  an  appropriately  marked  envelope  as  soon  as  it  is  removed  from  the  bulk  part. 
The  envelope  is  labeled  with  the  project  number,  specimen  number,  material  type  and 
specimen  location.  By  maintaining  strict  label  requirements,  the  history  of  each 
individual  specimen  can  then  be  tracked  through  logbooks  and  through  comments  and 
signatures  written  on  the  envelope. 


The  specimen  identification  system  to  be  employed  in  this  investigation  is  as 

follows: 


RS  - F - 1 

* Specimen  Number 


Orientation  - Typical  Evaluations 
F - Fill 

A/P  - Across-Ply 

Type  of  Evaluation 

MIC  - Microscopy 

TN  - Tension 

CM  - Compression 

RTG  - Restrained  Thermal  Growth 

CTE  - Thermal  Expansion 

CRA  - Comparative  Rod  Apparatus 

TGA  - Thermal  Gravimetric  Analysis 

MD  - Moisture  Diffusion 

RC  - Resin  Content 

VOL  - Volatile  Content 

DNS  - Double  Notched  Shear 

RS  - Roumanian  Shear 


1.5  Cutting  Plans 

The  NARC  based  carbon  phenolic  materials  used  in  the  Characterization  effort 
were  made  in  16"  x 15"  x 3.5"  billets.  For  each  material,  four  billets  and  a quarter  zone  of 
an  SRM  throat  ring  were  fabricated.  The  billets  for  HRPF  were  identified  as  BBB-4, 
BBB-5,  BBB-6,  and  4581-0004.  The  specimen  blanks  were  removed  from  the  billets  and 
the  throat  ring  as  illustrated  in  Figures  1.5-1  through  1.5-5. 
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2.0 


TEST  PROCEDURES 


The  procedures  for  the  Characterization  Effort  tests  are  provided  in  the  report 
entitled  "Carbon  Phenolic  Test  Procedures  for  NARC  Materials",  report  number  SRI- 
MME-90-1157-7033,  of  this  series.  Specimen  drawings  are  also  included  in  this  volume. 

3.0  EXPERIMENTAL  RESULTS 

3.1  Nondestructive  Analysis 

3.1.1  Density 

The  dimensions  and  weights  were  determined  on  the  fully  machined  blanks  in 
order  to  obtain  bulk  densities.  The  mechanical  evaluation  tables  include  individual 
densities  for  each  specimen  as  well  as  the  average  density. 

3.1.2  Velocity 

The  break  and  peak  velocities  were  determined  on  the  fully  machined  blanks 
in  the  test  orientation.  These  velocites  are  listed  in  the  appropriate  mechanical  tables. 

3.1.3  Radiographs 

Radiographs  were  performed  for  all  mechanical  specimens.  The  radiographs 
showed  straight  and  uniformly  spaced  yams,  no  density  bands,  and  no  cracking  or 
debonding. 

3.2  Microscopy 

3.2.1  Microscopic  Analysis 

The  material  was  microscopically  investigated  using  a Nikon  Epiphot  stereo 
microscope.  Samples  from  each  billet  were  impregnated  and  polished  for  the  fill  across- 
ply  and  warp  across-ply  orientations. 
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The  micrographs,  shown  in  Figures  3.2.1-1  through  3.2.1-12,  show  very  litle 
evidence  of  matrix  or  yam  cracking  and  no  pores,  non-uniform  ply  spacing,  or  resin 
rich  zones.  Unlike  HRHU,  the  fill  and  warp  yams  for  HRPF  exhibit  balanced 
amplitudes  and  crimp  angles.  This  is  consistent  with  the  results  from  the  Qualification 
Effort  in  which  the  materials  carbonized  by  Polycarbon  exhibited  this  same  pattern. 
The  microscopic  evaluations  are  tabulated  in  Table  3.2.1-1  for  the  fill  across-ply  and 
warp  across-ply  orientations. 
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Tension  (Warp,  Fill,  and  Across-Ply) 


3.3 


3.3.1  Warp  Tension 

Warp  tension  evaluations  were  conducted  at  70,  250,  750,  and  2000° F. 
Specimens  were  loaded  at  a rate  of  10  ksi/  min.  All  temperature  runs  were  made  at 
10°F/ sec.  Tables  3.3.1-1  through  3.3.1-4  show  the  individual  results  from  the 
Characterization  Effort  These  tables  also  show  the  individual  results  from  the 
Development,  Qualification,  and  D5  Efforts  where  applicable.  The  data  from  all  of  the 
phases,  unles  noted  in  the  tables,  was  used  to  obtain  the  averages.  Figures  3.3.1-1 
through  3.3.1-7  display  the  warp  tensile  stress-strain  responses.  Note  that  these  figures 
also  contain  the  data  from  the  previous  efforts. 

Figures  3.3.1-1  through  3.3.1-3  show  the  average  ultimate  strength,  ultimate 
strain,  and  initial  elastic  modulus,  respectively,  at  the  various  test  temperatures.  The 
individual  stress-strain  responses  are  shown  in  Figures  3.3.1-4  through  3.3.1-7.  These 
evaluations  show  tight  groupings  at  RT  and  250°F  and  some  scatter  at  750  and  2000°F. 
In  addition  to  stress-strain  measurements,  Poisson's  ratio  was  measured  in  the  warp-fill 
plane  at  room  temperature  using  adhesive  strain  gauges.  An  average  value  of  0.20  for 
v12  was  obtained. 

3.3.2  Fill  Tension 

Fill  tensile  evaluations  were  conducted  at  RT,  250,  350,  500,  600,  750,  900, 

1200,  2000,  2500,  3500,  and  4500°F.  Specimens  were  loaded  at  a rate  of  10  ksi/ min  and 
all  temperature  runs  were  made  at  10°F/sec.  The  results  are  tabulated  in  Tables  3.3.2-1 
through  3.3.2-12  and  plotted  in  Figures  3.3.2-1  through  3.3.2-15.  The  data  from  the 
previous  efforts,  where  available,  is  also  included  in  these  tables  and  figures.  Figure 

3.3.2- 16  gives  the  key  to  the  failure  modes  found  in  the  tables. 

The  average  ultimate  strengths,  ultimate  strains,  and  initial  elastic  moduli  for 
the  various  test  temperatures  are  plotted  in  Figures  3.3.2-1  through  3.3.2-3.  Figures 

3.3.2- 4  through  3.3.2-15  show  the  individual  stress-strain  responses.  These  evaluations 
show  some  scatter  at  the  intermediate  temperatures  from  500  to  1200°F.  Poisson's  ratio 
was  also  measured  in  the  fill-warp  plane  at  room  temperature.  The  average  value  for 

v2i  was  0-20. 
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3.3.3  Across-Ply  Tension 


The  across-ply  tensile  evaluations  were  conducted  at  RT,  350,  400,  500,  600, 
750,  900, 1200,  2000,  2500,  3500,  and  4500°F.  The  across-ply  specimens  were  loaded  at  a 
rate  of  1 ksi/min  and,  where  applicable,  heated  at  l°F/sec.  The  heating  and  load  rate 
were  chosen  to  reduce  internal  pressures  generated  during  heatup  and  to  compare 
against  historical  data.  The  results  are  tabulated  in  Tables  3.3.3-1  through  3.3.3-12  and 
plotted  in  Figures  3.3.3-1  through  3.3.3-15.  The  data  from  the  previous  efforts  are 
included  where  available. 

Figures  3.3.3-1  through  3.3.3-3  show  the  average  ultimate  strengths,  ultimate 
strains,  and  initial  elastic  moduli  for  the  across-ply  tensile  evaluations  at  the  various  test 
temperatures.  The  individual  evaluations  are  shown  in  Figures  3.3.3-4  through  3.3.3-15. 
These  evaluations  show  good  groupings  at  all  temperatures.  At  500  and  1200°F, 
however,  a separation  between  the  Characterization  data  and  D5  data  is  noticeable. 

This  could  be  due  to  the  fact  that  the  D5  data  was  tested  at  a load  rate  of  10  ksi/min  as 
opposed  to  1 ksi/  min.  In  addition  to  stress-strain  measurements,  Poisson's  ratio  was 
obtained  in  the  A/ P- warp  and  A/P-fill  planes  at  room  temperature.  The  average 
values  obtained  were  0.21  for  •v^J  and  0.23  for 
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3.4 


Compression  (Warp,  Fill,  Across-Ply  and  45°  W/F) 


3.4.1  Warp  Compression 

The  warp  compression  evaluations  were  conducted  at  RT,  500, 1200,  3500,  and 
4500° F.  The  warp  compression  specimens  were  loaded  at  a rate  of  10  ksi/min  and  all 
temperature  runs  were  made  at  10°F/sec.  The  results  are  tabulated  in  Tables  3.4.1-1 
through  3.4.1-5  and  plotted  in  Figures  3.4.1-1  through  3.4.1-8.  The  key  to  the  failure 
modes  shown  in  the  tables  is  given  in  Figure  3.4.1-9. 

Figures  3.4. 1-1  through  3.4. 1-3  show  the  average  ultimate  strengths,  ultimate 
strains,  and  initial  elastic  moduli  at  the  various  test  temperatures  for  the  warp 
compression  evaluations.  The  individual  evaluations  are  shown  in  Figures  3.4.1-4 
through  3.4.1-8.  These  evaluations  show  good  reproduction  with  some  scatter  at  3500 
and  4500° F.  In  addition  to  stress-strain  measurements,  Poisson's  ratio  was  measured  in 
the  warp-fill  and  warp-A/P  planes  at  room  temperature  using  adhesive  strain  gauges. 
An  average  value  of  0.205  for  vi2  and  0.28  for  vJ3  were  recorded. 

3.4.2  Fill  Compression 

Fill  compression  evaluations  were  conducted  at  RT,  350,  500,  750,  900,  1200, 
2000,  3500,  and  4500®F.  The  fill  compression  evaluations  were  loaded  at  a rate  of  10 
ksi/min  and,  where  applicable,  heated  at  10°F/ sec.  The  results  are  tabulated  in  Tables 
3.4.2-1  through  3.4.2-9  and  plotted  in  Figures  3.4.2-1  through  3.4.2-12. 


Figures  3.4.2-1  through  3.4.2-3  show  the  average  values  for  ultimate  strength, 
ultimate  strain,  and  initial  elastic  modulus  at  the  various  test  temperatures  for  the  fill 
compression  evaluations.  The  individual  data  are  plotted  in  Figures  3.4.2-4  through 
3.4.2-12.  These  evaluations  show  good  reproduction  with  some  scatter  at  2000  and 
3500°F.  In  addition  to  the  stress-strain  measurements,  Poisson's  ratio  was  obtained  in 
the  fill-warp  and  fill-A/P  planes  at  room  temperature.  An  average  value  of  0.20  for  v2i 
and  0.27  for  v2^  were  recorded. 
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3.4.3  Across- ply  Compression 


The  across-ply  evalutions  were  conducted  at  RT,  250,  350,  400,  500,  750,  900, 
1200,  2000,  3500,  and  4500°F.  The  across-ply  specimens  were  loaded  at  10  k si/ min  and 
the  temperature  runs  were  heated  at  l#F/sec.  The  results  are  tabulated  in  Tables  3.4.3-1 
through  3.5.3-11  and  plotted  in  Figures  3.4.3-1  through  3.4.3-14. 

The  average  ultimate  strengths,  ultimate  strains,  and  initial  elastic  moduli  at 
the  various  test  temperatures  for  the  across-ply  compression  evaluations  are  plotted  in 
Figures  3.4.3-1  through  3.4.3-3.  Figures  3.4.3-2  through  3.4.3-12  show  the  individual 
stress-strain  curves.  These  figures  show  good  reproduction  with  some  scatter  at  3500 
and  4500° F.  The  data  at  350  and  400° F contains  both  moisture  conditioned  and  dried 
specimens.  The  moisture  conditioned  specimens  were  conditioned  at  95°F  and  95% 
relative  humidity.  The  dried  condition  was  obtained  using  a sequential  cycle  starting 
with  14  days  of  dessication.  This  was  followed  by  heating  the  material  to  100°F  for  4 
hours,  140°F  for  4 hours,  and  220°F  for  4 days  at  0.1  torr  (1.93  x 10*3  psi).  The 
moisturized  specimens  exhibited  slightly  lower  ultimate  strengths  than  the  dried  and 
as-received  specimens  at  both  temperatures.  The  dried  specimens  exhibited  stiffer 
initial  elastic  moduli.  In  the  range  from  500  to  1200° F the  material  exhibited  a non- 
linear stiffening  response  to  initial  loading.  As  a result,  the  modulus  was  reported  as 
two  values.  The  first  value  indicates  the  initial  secant  modulus  prior  to  the  knee  in  the 
curve  where  the  material  was  softened  by  the  resin  state  past  glass  transition  or  trapped 
pyrolysis  gases.  The  second  value  indicates  the  stiffness  of  the  material  after  the  knee 
in  the  curve  (after  the  relieved  state  of  the  material).  In  addition  to  the  stress-strain 
measurements,  Poisson's  ratio  was  obtained  in  the  A/P-warp  and  A/P-fill  planes  at 
room  temperature.  The  average  value  was  0.24  for  both  v^j  and  v^2- 


3.4.4  45°  Warp/Fill  Compression 


Bias  compression  tests  were  conducted  at  RT,  350,  500,  600,  750, 1200,  2000, 
3500,  and  4500°F.  The  specimens  were  loaded  at  a rate  of  10  ksi/min  and,  where 
applicable,  heated  at  10°F/sec.  The  results  are  summarized  in  Tables  3.4.4-1  through 
3.4.4-9  and  plotted  in  Figures  3.4.4-1  through  3.4.4-12. 

Although  bias  compression  is  not  a true  material  property,  the  bias 
compression  results  are  reported.  Figures  3.4.4-1  through  3.4.4-3  show  the  averge 
ultimate  strengths,  ultimate  strains,  and  initial  elastic  moduli  at  the  various  test 
temperatures  for  the  bias  compression  evaluations.  Figures  3.4.4-4  through  3.4.4-12 
show  the  individual  stress-strain  curves.  These  figures  show  good  grouping  with  some 
scatter  at  2000,  3500,  and  4500°F. 

With  the  biased  initial  elastic  modulus  (E45)  and  the  initial  moduli  from  warp 
compression  and  fill  compression  (E|  and  Ej)  and  the  average  Poisson's  ratio  of  v2i  = 
0.20,  the  inplane  shear  modulus  (G21,  compression)  was  obtained  from  the  following 
equation : 


1 - 2v 


21 


E 


2 


1 


Using  the  corresponding  average  temperature  values  of  the  given  variables  in 
the  above  equation  yielded  inplane  shear  moduli  (compression)  of  G21  =*  102  Msi  at  RT, 
0.20  Msi  at  500°F,  0.21  Msi  at  1200°F,  0.18  at  3500°F,  and  0.10  at  4500°F. 
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3.5 


Interlaminar  Shear 


3.5.1  Double-Notch  Shear 

Double  notch  shear  (DNS)  tests  were  conducted  at  RT,  250,  350,  500,  750,  900, 
1200,  2000,  and  2500° F.  The  tests  were  conducted  with  a loading  rate  of  1 ksi/min  and, 
when  applicable,  a heating  rate  of  l°F/sec.  The  nature  of  the  test  allows  only  for  the 
determination  of  ultimate  stress  data.  The  results  are  tabulated  in  Tables  3.5. 1-1 
through  3.5.1-9  and  plotted  in  Figures  3.5.1-1  and  3.5.1-2.  The  key  to  the  failure  modes 
is  given  in  Figure  3.5. 1-3. 

Figure  3.5.1-1  shows  the  average  ultimate  strength  of  NARC  HRPF  at  the 
various  test  temperatures.  The  individual  evaluations  plotted  in  Figure  3.5.1-2  show 
good  replication  at  all  temperatures  with  the  exception  of  some  scatter  at  900°F. 

3.5.2  Warp  Iosipescu  Shear  (Roumanian  Shear) 

Warp  Iosipescu  shear  (Roumanian  shear)  evaluations  were  conducted  at  RT 
and  1200°F.  These  tests  were  conducted  at  a load  rate  of  10  ksi/min  and  the  1200°F 
specimens  were  heated  at  a rate  of  l°F/sec.  The  results  are  summarized  in  Tables  3.5.2- 
1 and  3.5.2-2  and  plotted  in  Figure  3.5.2-1. 

The  individual  evaluations  are  plotted  in  Figure  3.5.2-1.  There  was  some 
scatter  at  70°F  but  a 1200°F  the  data  were  very  tightly  grouped. 

3.5.3  Fill  Iosipescu  Shear  (Roumanian  Shear) 

The  fill  Iosipescu  shear  evaluations  were  conducted  at  RT,  500,  600,  750,  900, 
and  1200°F.  These  evaluations  were  loaded  at  a rate  of  10  ksi/min  unless  noted 
otherwise  in  the  tables  and,  where  applicable,  heated  at  a rate  of  l°F/sec.  The  results 
are  tabulated  in  Tables  3.5.3-1  through  3.5.3-6  and  plotted  in  Figure  3.5.3-1. 


The  plot  of  the  individual  data  shows  tight  grouping  with  the  exception  of 
some  scatter  at  750°F  and  two  outlying  points  at  RT.  The  first  three  specimens 
evaluated  at  RT  gave  ultimate  stress  values  of  14200, 14360,  and  20100  psi.  It  was 
discovered  that  the  specimen  which  gave  the  ultimate  value  of  20100  psi  had  been 
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tested  at  a load  rate  of  18  ksi/  min.  As  a result,  three  additional  specimens  were 
evaluated.  Two  were  loaded  at  10  ksi/  min  and  the  third  was  purposely  loaded  at  30 
ksi/  min.  The  two  specimens  loaded  at  10  ksi/ min  gave  values  of  15080  and  20060  psi 
while  the  one  evaluated  at  30  ksi/  min  gave  an  ultimate  stress  of  14660  psi.  These  data 
would  appear  to  suggest  that  the  on-yam  Iosipescu  shear  properties  are  independent  of 
load  rate.  Figure  3.5.3-2  gives  the  key  to  the  failure  notations  used  in  the  tables. 

3.5.4  Across-Ply  Torsional  Shear 

The  across-ply  torsional  shear  evaluations  were  conducted  at  RT,  250,  350,  500, 
750, 1200,  2500,  3500,  and  4500°F.  These  evaluations  were  loaded  at  a rate  of  1 ksi/ min 
and,  where  applicable,  heated  at  a rate  of  l°F/sec.  The  results  are  shown  in  Figures 
3.5.4-1  through  3.5.4-12  and  tabulated  in  Tables  3.5.4-1  through  3.5.4-9. 

The  average  ultimate  strengths,  ultimate  strains,  and  initial  elastic  moduli  at 
the  various  test  temperatures  for  the  across-ply  torsional  evaluations  are  plotted  in 
Figures  3.5.4-1  through  3.5.4-3.  The  individual  stress-strain  evaluations  are  shown  in 
Figures  3.5.4-4  through  3.5.4-12.  These  evaluations  show  good  reproduction  with  some 
scatter  at  350  and  1200°F.  Notice  that  this  scatter  represents  a separation  of  the 
characterization  data  and  the  D5  data. 

3.6  Restrained  Thermal  Growth  (Constant  Strain  Mode) 

Restrained  thermal  growth  evaluations  were  made  employing  a heating  rate  of 
10°F/ sec.  Figure  3.6-1  shows  the  RTG  axial  stress  and  Figure  3.6-2  shows  the  RTG 
lateral  strain.  The  results  are  tabulated  in  Table  3.6-1.  Figure  3.6-3  gives  the  key  to  the 
failure  modes  shown  in  the  table. 

Figure  3.6-1  shows  the  axial  stress  of  the  wet  (95°F/95%  RH)  and  dry 
specimens  as  well  as  the  as-received  (105°F/ 40%)  specimens.  As  can  be  seen  from  the 
graph,  the  as-received  and  dried  specimens  displayed  a twin  peaked  stress  response 
that  is  typical  of  rayon-based  carbon  phenolic  composites.  This  typical  response, 
however,  was  not  seen  for  the  wet  specimens.  Instead,  a single  peak  response  was 
observed.  This  could  be  due,  in  part,  to  the  major  differences  observed  between  the 
thermal  expansions  of  the  as-received  and  wet  specimens.  At  the  temperature  range 
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between  400  and  500° F,  the  thermal  expansion  of  the  wet  specimens  was  found  to  be 
approximately  800%  to  400%  higher  than  the  thermal  expansion  of  the  as-received  and 
dry  specimens.  It  could  be  that  the  large  amounts  of  moisture  trapped  within  these 
specimens  produce  vapor  pressures  large  enough  to  overcome  the  loss  of  stress  around 
the  glass  transition  point  The  average  ultimate  stress  for  the  wet  specimens  was  16039 
psi  at  751°F  as  opposed  to  12311  psi  at  841°F  for  the  as-received  and  13201  psi  at  879#F 
for  the  dry.  None  of  the  as-received  or  dry  specimens  exhibited  yam  failures.  In  fact, 
examination  of  these  specimens  showed  only  slight  barreling  effects  had  occurred.  The 
wet  specimens  exhibited  only  partial  fill  fiber  blowouts. 

3.7  Specific  Heat/  Enthalpy 

Figure  3.7-1  shows  the  enthalpy  and  specific  heat  (slope  of  enthalpy)  of  NARC 
HRPF  from  RT  to  5000°F.  Adiabatic  and  ice  calorimeters  were  used  to  obtain  this  data. 
Table  3.7-1  contains  the  recommended  specific  heat  values  for  NARC  HRPF. 

3.8  Thermal  Conductivity 

Thermal  conductivity  measurements  were  made  in  the  warp,  fill,  and  across- 
ply  directions.  The  thermal  conductivity  measurements  were  made  utilizing  the 
comparative  rod  and  radial  inflow  apparatuses.  Figures  3.8-1  through  3.8-12  show  the 
virgin,  2000  F char,  3500°F  char,  and  transient  thermal  conductivity  curves  of  NARC 

HRPF  in  the  warp,  fill,  and  across-ply  orientations.  Tables  3.8-1  through  3.8-15  list  the 
recorded  data. 

3.9  Thermal  Expansion  (Warp,  Fill,  and  Across-Ply) 

The  thermal  expansion  of  NARC  HRPF  was  measured  in  the  warp,  fill,  and 
across-ply  directions.  The  quartz  dilatometer  was  used  for  tests  to  1500°F  and  the 
graphite  dilatometer  was  used  for  tests  up  to  5000°F.  Warp  and  fill  thermal  expansion 
tests  were  conducted  on  specimens  conditoned  at  105#F/40%  RH  (as-received).  In  the 
across-ply  direction,  tests  were  conducted  on  105°F/40%  RH,  wet,  and  dry  conditioned 
specimens.  All  specimens  were  heated  at  10°F/sec. 
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3.9.1  Warp  Thermal  Expansion 


Figure  3.9.1-1  shows  the  warp  unit  thermal  expansion  of  two  W diameter 
specimens  as  measured  in  the  quartz  dilatometer.  The  warp  specimens  initially 
expanded  until  reaching  400°F  where  they  began  shrinking  slowly  back  to  zero 
expansion.  Figure  3.9.1-2  shows  the  response  of  the  same  two  specimens  run  in  the 
graphite  dilatometer,  overlayed  with  the  quartz  data.  The  shrinkage  continues  to 
approximately  2500°F.  After  2500° F the  thermal  expansion  began  increasing  and  was 
continuing  to  increase  when  the  test  was  terminated  at  5000#F.  Tables  3.9.1-1  through 
3.9. 1-6  show  the  raw  recorded  data. 

3.9.2  Fill  Thermal  Expansion 

Figures  3.9.2-1  and  3.9.2-2  show  the  fill  thermal  expansion  results  after  testing 
in  the  quartz  and  graphite  dilatometers.  As  expected,  the  fill  thermal  expansion 
behaved  similarly  to  the  warp  oriented  results.  The  recorded  data  are  tabulated  in 
Tables  3.9.2-1  through  3.9.3-4. 

3.9.3  Across-Ply  Thermal  Expansion 

Figures  3.9.3-1  and  3.9.3-2  show  the  across-ply  thermal  expansion  results 
obtained  after  testing  in  the  quartz  and  graphite  dilatometers.  Figures  3.9.3-3  and  3.9.3- 
4 show  the  results  of  the  wet  and  dry  specimens,  respectively,  as  measured  in  the 
quartz  dilatometer.  Both  the  as-received  and  wet  specimens  had  an  initial  peak, 
understandably  due  to  water  and  volatiles.  The  second  peak  (due  to  expanding 
pyrolysis  gases)  of  the  as-received  specimens  was  approximately  60  x 10" 3 in./in.  while 
the  wet  specimens  peaked  at  approximately  79  x 10"^  in./ in.  The  dry  specimen  showed 
no  initial  peak  (due  to  the  absence  of  moisture  or  trapped  volatiles)  and  had  a second 
peak  similar  to  that  of  the  as-received  specimens.  The  graphite  facility  data  obtained 
shows  rapid  shrinkage  occurring  after  1000#F  until  leveling  off  around  2500°F.  A 
dramatic  shrinkage  occurs  again  from  approximately  3400°F  to  5000°F.  Tables  3.9.3-1 
through  3.9.3-10  contain  the  recorded  data. 
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3.10  Thermal  Response 


Figures  3.10-1  through  3.10-4  show  the  fill  and  across-ply  thermal  response 
from  the  one-dimensional  thermal  response  tests  at  fluxes  of  100  and  300  Btu/hr-ft^. 
The  fill  oriented  response  was  slightly  quicker  as  the  'hot*  thermocouple  in  the  fill 
specimens  reached  2000°F  after  only  36  seconds  (300  flux)  while  the  across-ply 
specimens  took  about  50  seconds.  Tables  3.10-1  through  3.10-4  show  the  tabulated  data. 

3.11  Emissivity 

Figure  3.11-1  is  the  total  normal  emittance  curve  of  the  NARC  HRPF  material. 
The  average  value  increases  slightly  from  approximately  0.79  at  1550°F  to  0.85  at 
3550°F.  Table  3.11-1  contains  the  numerical  values  for  the  total  normal  emittance. 

3.12  Thermogravimetric  Analysis  (TGA) 

Duplicate  powdered  samples  were  run  in  a nitrogen  atmosphere  at  a heating 
rate  of  20°C/min  (36°F/min)  to  a temperature  of  1000°C  (1832#F).  Pyrolysis  onset 
temperatures  were  obtained  by  linearly  extrapolating  the  steep  slope  and  initial  flay 
portions  of  the  runs.  The  temperature  at  the  intersection  of  these  two  lines  was  taken  as 
the  onset  temperature  of  pyrolysis.  The  average  onset  temperature  of  pyrolysis 
occurred  at  803°F.  Weight  loss  attributed  to  pyrolysis  averaged  about  12.4%.  Figures 
3.12-1  through  3.12-6  show  the  weight  loss  versus  temperature  responses,  while  Table 
3.12-1  summarizes  the  TGA  data. 

3.13  Maximum  Moisture  Content 

Table  3.13-1  shows  the  individual  and  mean  percentage  weight  gains  of  the 
test  specimens  placed  in  distilled  water  at  120°F.  Figure  3.13-1  is  a graphical 
representation  of  that  data.  Table  3.13-2  shows  the  individual  and  mean  percent  weight 
losses  of  the  test  specimens  dried  in  a vacuum  oven  at  230°F.  Figure  3.13-2  is  a 
graphical  representation  of  the  drying  data.  The  mean  maximum  moisture  content  of 
NARC  HRPF  was  9.45%. 


3.14 


Volatile  Content 


Table  3.14-1  shows  the  individual  percent  weight  losses  of  the  three  test 
specimens.  Figure  3.14-1  depicts  the  individual  percent  weight  loss  as  a function  of 
time.  The  percent  volatile  content  for  BBB-4,  BBB-5,  and  BBB-6  was  4.06,  4.35,  and  4.19, 
respectively,  which  gives  a mean  value  of  4.20  for  NARC  HRPF. 

4.0  STATISTICAL  ANALYSIS 

A statistical  analysis  was  performed  on  the  fill  tension  data  at  70,  750,  and 
2000° F,  the  across-ply  tension  data  at  70°F,  and  the  double  notched  shear  data  at  70°F. 
The  objective  of  this  analysis  was  to  assess  the  variability  of  the  data  in  these  particular 
cases.  The  "Anderson-Darling"  test  for  normality  (as  per  Mil  Handbook  5E)  was  used  to 
determine  whether  the  curve  which  fits  the  data  can  be  approximated  by  a normal 
curve.  The  essence  of  the  test  is  a numerical  correlation  of  the  cumulative  distribution 
function  for  the  observed  data  with  that  for  a fitted  normal  curve  over  the  complete 
range  of  property  being  measured. 

4.1  Fill  Tension 

The  fill  tensile  evaluations  at  70°F  were  given  in  Table  3.3.2-1.  The  mean  value 
was  20770  psi  with  a standard  deviation  of  2408  and  a coefficient  of  variation  of  11.6%. 
The  strength  distributions  are  plotted  in  Figure  4.1-1.  Table  4.1-1  gives  a statistical 
breakdown  by  program  phase  and  billet.  As  can  be  seen  from  this  table,  the  material 
measured  under  the  Qualification  Effort  gave  the  highest  average  ultimate  stress  while 
billet  4581-0004  tested  under  the  Characterization  Effort  gave  the  lowest.  The  calculated 
Anderson-Darling  (AD)  test  statistic  was  0.20.  The  calculated  critical  value  was  0.715. 
Since  the  AD  test  statistic  was  lower  than  the  critical  value,  a normal  distribution 
hypothesis  cannot  be  rejected. 

The  750°F  fill  tensile  strengths  were  shown  in  Table  3.3.2-6.  The  mean  value  of 
this  population  was  12260  psi  with  a standard  deviation  of  1759  psi  and  a coefficient  of 
variation  of  14.3%.  The  distribution  of  the  data  is  shown  in  Figure  4.1-1.  Table  4.1-2 
gives  the  distribution  of  data  by  programs  and  billets.  Again,  the  material  tested  under 
the  Qualification  Effort  gave  the  highest  average  ultimate  stress.  The  AD  test  statistic 
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was  calculated  to  be  0.333  compared  to  a critical  value  of  0.708  which  again  indicates 
that  a normal  hypothesis  cannot  be  rejected. 

The  fill  tensile  evaluations  at  2000°F  were  shown  in  Table  3.3.2-9.  One 
specimen  was  rejected  from  the  statistical  analysis  due  to  the  fact  that  it  went  to 
temperature  3 times.  The  mean  value  of  all  remaining  specimens  was  3670  psi  with  a 
standard  deviation  of  1077  psi  and  a coefficient  of  variation  of  29.4% . The  strength 
distributions  are  shown  in  Figure  4.1-1.  The  distribution  of  data  by  billets  is  shown  in 
Table  4.1-3.  The  rejected  data  point  was  from  billet  BBB-4  (194049).  Of  the  two 
remaining  specimens  from  this  billet,  one  exploded  while  going  to  temperature,  thereby 
resulting  in  singular  data  for  this  billet  Once  again,  the  material  from  the  Qualification 
Effort  had  the  highest  average  ultimate  stress.  The  distribution  of  the  data  does  not 
reject  a normal  hypothesis.  The  calculated  AD  test  statistic  of  0.326  was  lower  than  the 
critical  value  of  0.687. 

4.2  Across-Ply  Tension 

The  across-ply  tensile  strengths  at  70°F  were  given  in  Table  3.3.3-1.  One 
specimen  was  rejected  due  to  a head  failure.  The  average  strength  of  the  remaining 
specimens  was  3720  psi  with  a standard  deviation  of  332  psi  and  a coefficient  of 
variation  of  8.93%.  The  distribution  of  the  strengths  is  plotted  in  Figure  4.2-1.  With  the 
exception  of  five  low  values,  the  plot  is  fairly  linear.  Including  the  five  low  values,  the 
calculated  AD  test  statistic  was  3.28  compared  to  a critical  value  of  0.723,  thereby 
rejecting  a normal  hypothesis.  However,  if  the  data  from  the  Development  and 
Qualification  efforts  and  the  lowest  data  point  from  the  Characterization  effort  are  not 
included  in  the  statistical  evaluation,  the  AD  test  statistic  is  found  to  be  0.373  compared 
to  a critical  value  of  0.715.  Table  4.2-1  shows  the  statistical  breakdown  by  billet.  Note 
that  the  one  specimen  from  billet  BBB-4  under  the  Characterization  effort  was  the  one 
which  experienced  the  head  failure. 

4.3  Double  Notched  Shear 

The  interlaminar  shear  strengths  at  70°F  were  given  in  Table  3.5.1-1.  The 
average  value  of  the  population  was  3825  psi  with  a standard  deviation  of  325  psi  and  a 
coefficient  of  variation  of  8.5%.  All  billets  gave  statistically  similar  results  and  the 
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distribution,  shown  in  Figure  4.3-1,  appears  normal.  The  AD  test  statistic  was  found  to 
be  0.671  compared  to  a critical  value  of  0.712.  Table  4.3-1  shows  the  statistical 
breakdown  by  billet. 

5.0  HISTORICAL  COMPARISONS 

This  section  will  compare  selected  mechanical  properties  of  the 
Characterization  effort  NARC  HRPF  to  historical  NARC  and  AVTEX  MX4926  materials. 
References  throughout  this  section  to  NARC  HRPF  will  always  be  referring  to  the 
material  tested  under  the  Characterization  effort 

5.1  Tension  (Warp,  Fill,  and  Across-Ply) 

5.1.1  Warp  Tension 

The  warp  tensile  results  are  graphically  compared  to  previous  NARC  and 
AVTEX  materials  in  Figures  5.1. 1-1  through  5.1. 1-3  and  tabulated  in  Table  5.1. 1-1. 
Figures  5.1. 1-1  and  5.1. 1-2  show  the  Characterization  effort  warp  tensile  ultimate  stress 
and  ultimate  strain  to  be  slightly  lower  than  the  historical  materials.  Figure  5.1. 1-3, 
however,  shows  the  initial  elastic  modulus  for  the  NARC  HRPF  to  be  in-family  with  the 
historical  materials. 

5.1.2  Fill  Tension 

The  Characterization  effort  comparisons  to  historical  NARC  and  AVTEX 
materials  (where  available)  are  shown  in  Figures  5. 1.2-1  through  5. 1.2-3  and  tabulated 
in  Table  5. 1.2-1.  Figures  5.1.2-1  and  5.1.2-2  show  the  average  ultimate  stress  and 
ultimate  strain  for  the  NARC  HRPF  to  be  consistently  lower  than  the  historical 
materials.  This  could  be  attributed  to  the  fewer  number  of  plies  per  inch  for  the 
Characterization  effort  NARC  HRPF.  As  shown  in  Table  3.2.1-1,  the  NARC  HRPF  from 
the  Characterization  effort  was  shown  to  have  fewer  plies  per  inch  than  any  of  the 
historical  materials.  Fewer  plies  per  inch  would  result  in  a lower  yam  density  (i.e., 
fewer  yams  per  square  inch)  thereby  resulting  in  lower  stress  and  strain  values.  The 
modulus  comparison,  shown  in  Figure  5.1. 2-3,  shows  the  NARC  HRPF  to  be  in-family 
with  the  available  historical  data. 
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5.1.3  Across-ply  Tension 


The  across-ply  tensile  comparisons  are  shown  in  Figures  5.1.3-1  through  5.1.3- 
3 and  tabulated  in  Table  5. 1.3-1.  Figure  5.1.3-1  shows  the  ultimate  stress  for  the 
Characterization  effort  NARC  HRPF  to  be  slightly  stronger  at  room  temperature  but 
typically  in-family  at  all  other  temperatures  to  the  available  historical  data.  The 
ultimate  strain,  shown  in  Figure  5.1.3-2,  is  in-family  with  historical  values  up  to  500°F. 
Above  500°F,  the  strain  to  failure  appears  to  be  higher  than  the  available  historical  data. 
The  initial  modulus,  shown  in  Figure  5.1.3-3,  is  on  the  low  side  up  to  500°F  but  still  in- 
family with  the  previous  data.  The  modulus  exhibits  very  tight  grouping  with  the 
limited  historical  data  at  temperatures  above  500° F. 

5.2  Correlation  to  Crimp  Angle 

A relationship  between  the  yam  crimp  angle  and  the  maximum  load  per  yam 
is  displayed  in  Figure  5.2-1.  At  room  temperature  and  750°F  this  relationship  is 
expressed  by  a straight  line  showing  the  crimp  angle  to  be  inversely  proportional  to  the 
maximum  yam  load.  At  2500° F,  where  the  matrix  is  very  inelastic,  stress 
concentrations  at  the  bend  of  the  crimp  angle  are  reduced  due  to  the  lowered  matrix 
support  of  yams.  The  result  is  a reduced  effect  of  crimp  angle  at  elevated  temperatures. 

The  materials  fall  into  three  distinct  groupings  by  carbonizer;  Hitco  fill. 
Polycarbon,  and  Hitco  warp.  These  groupings  show  the  materials  carbonized  by  Hitco 
with  low  crimp  angles  (warp  tension)  have  the  highest  load  per  yam  at  failure  while  the 
materials  which  have  high  crimp  angles  (fill  tension)  yield  the  lowest  loads  per  yam  at 
failure.  The  materials  carbonized  by  Polycarbon,  with  nearly  balanced  crimp  angles, 
yield  loads  per  yam  between  the  extremes  of  the  Hitco  materials.  As  shown,  the  NARC 
HRPF  evaluated  under  this  effort  follows  the  trend. 

5.3  Compression  (Warp,  Fill,  Across-Ply,  and  45°  W/F) 

5.3.1  Warp  Compression 

Warp  compression  comparisons  could  not  be  made  due  to  the  fact  that  no 
warp  compression  historical  data  exists.  Figures  5.3.1-1  through  5.3.1-3  show  the 
average  warp  compressive  ultimate  stress,  ultimate  strain,  and  initial  elastic  modulus. 
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respectively,  of  the  NARC  HRPF  evaluated  under  this  effort.  These  results  are 
tabulated  in  Table  5. 3. 1-1. 


5.3.2  Fill  Compression 

The  fill  compressive  comparisons  are  shown  graphically  in  Figures  5.3.2-1 
through  S.3.2-3  and  tabulated  in  Table  5.3.2-1.  Figures  5.3.2-1,  5.3.2-2,  and  5.3.2-3  show 
the  fill  compressive  ultimate  stress,  ultimate  strain,  and  initial  elastic  modulus, 
respectively,  to  be  in-family  with  the  available  historical  data.  Note  that  the  NARC 
HPRF  values  at  2000°F  are  for  singular  data. 

5.3.3  Across-ply  Compression 

The  across-ply  compressive  ultimate  stress  and  ultimate  strain  comparisons, 
shown  in  Figures  5. 3.3-1  and  5. 3.3-2,  show  the  NARC  HRPF  data  to  be  in-family  with 
the  limited  available  historical  data.  As  discussed  in  section  3.4.3,  the  across-ply 
compression  modulus  at  500,  750,  900,  and  1200°F  was  reported  as  two  values.  This 
range  is  depicted  in  Figure  5.3. 3-3  as  two  solid  circles  connected  by  a line.  The  data  are 
tabulated  in  Table  5.3. 3-1. 

5.3.4  45°  W/F  Compression 

The  amount  of  bias  compression  historical  data  is  very  limited.  That  which  is 
available  is  graphically  compared  with  the  NARC  HRPF  in  Figures  5.3.4-1  through 

5.3.4- 3  and  tabulated  in  Table  5. 3. 4-1.  The  bias  compressive  ultimate  stress  of  the 
NARC  HRPF  is  shown  to  be  comparable  to  the  AVPre  data  in  Figure  5.3. 4-1.  The  strain 
to  failure,  however,  is  consistently  higher  for  the  NARC  HRPF.  This  is  shown  in  Figure 

5.3.4- 2.  The  bias  compressive  elastic  modulus  is  comparable  at  all  temperatures  except 
350°F.  At  350°F,  the  modulus  for  the  NARC  HRPF  is  approximately  24%  lower  than  the 
AVPre  HDPF  modulus. 
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5.4 


Interlaminar  Shear 


5.4.1  Double-Notch  Shear 

The  double-notch  shear  ultimate  stress  comparisons  are  shown  graphically  in 
Figure  5.4.1-1  and  tabulated  in  Table  5.4.1-1.  Again,  there  is  very  limited  historical  data 
with  which  to  make  comparisons.  The  NARC  HRPF  exhibits  a DNS  ultimate  stress  that 
is,  in  most  cases,  slightly  higher  than  the  previous  historical  values.  This  is  consistent 
with  the  trend  seen  in  the  across-ply  tensile  data. 

5.4.2  Across-Ply  Torsional  Shear 

The  across-ply  torsional  shear  properties  are  compared  to  historical  materials 
as  shown  in  Figures  5.4.2-1  through  5.4.2-3  and  tabulated  in  Table  5.4.2-1.  The  across- 
ply  torsional  ultimate  stress  of  the  NARC  HRPF,  shown  Figure  5.4.2-1,  exhibits  good 
correlation  with  the  historical  data.  The  ultimate  strain  comparison,  shown  in  Figure 
5-4. 2-2,  reveals  the  NARC  HRPF  to  have  an  ultimate  strain  approximately  80%  lower 
than  the  average  historical  value  at  1200°F.  However,  at  4500°F,  the  strain  to  failure  for 
the  NARC  HRPF  increases  drastically  and  is  approximately  150%  greater  than  the  only 
available  historical  data  at  that  temperature.  The  across-ply  torsional  modulus  for 
NARC  HRPF  is  shown  in  Figure  5.4.2-3  to  be  in-family  with  the  historical  values. 


5.5  Thermal  Conductivity 

Figures  5.5.-1  through  5.5.-5  compare  thermal  conductivities.  The  virgin  warp 
thermal  conductivity  of  NARC  HRPF  is  shown  in  Figure  5.5. -1  to  be  approximately  35% 
lower  than  the  available  AVPost  data  at  500°F.  Little  difference  exists  in  the  virgin  fill  or 
across-ply  thermal  conductivities,  with  the  NARC  being  slightly  lower  than  the  Avtex 
materials  in  both  orientations.  The  virgin  fill  and  across-ply  thermal  conductivities  are 
shown  in  Figures  5.5-2  and  5.5-3,  respectively.  High  temperature  comparisons  show 
the  fill  thermal  conductivity  of  the  NARC  HRPF  to  be  about  16%  below  the  Avtex  data 
at  4500°F  (Figure  5.5-4)  while  the  across-ply  conductivity  is  approximately  31  % lower 
than  the  available  Avtex  data  (Figure  5.5-5). 
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5.6 


Thermal  Expansion 


Figures  5.6-1  through  5.6-5  show  warp,  fill,  and  across-ply  thermal  expansion 
comparisons  of  the  NARC  HRPF  to  historical  Avtex  and  NARC  data. 

The  warp  thermal  expansion  comparison  shown  in  Figure  5:6-1  shows  the 
NARC  HRPF  exhibits  very  little  shrinkage  from  500  to  2000°F  when  compared  to  the 
AVPost  data.  At  2500°F,  the  thermal  expansion  of  the  NARC  HRPF  is  approximately 
137%  higher  than  the  expansion  of  the  Avtex  material.  As  the  temperature  increases, 
however,  the  difference  between  the  expansion  values  of  the  two  materials  continues  to 
decrease.  At  4500°F  very  little  difference  exists  as  the  Avtex  expansion  is  about  7% 
higher  than  the  NARC  HRPF  expansion. 


The  low  temperature  fill  thermal  expansion  comparison,  shown  in  Figure  5.6- 
2,  shows  the  expansion  of  the  NARC  HRPF  to  be  higher  than  that  of  the  Avtex 
materials  up  to  400° F.  After  500°F,  however,  the  NARC  material  has  a more  rapid 
shrinkage  than  either  AVPost  material  and  is  considerably  lower  at  1800°F.  The  high 
temperature  fill  thermal  expansion  comparison  shown  in  Figure  5.6-3  reveals  the  NARC 
HRPF  to  be  very  comparable  to  all  historical  data  with  the  exception  of  the  NARC 
HRPF  evaluated  under  the  D5  program. 

The  low  temperature  across-ply  thermal  expansions  are  shown  in  Figure  5.6-4. 
The  NARC  HRPF  exhibits  higher  peaks  than  the  Avtex  material  but  again  has  a more 
rapid  shrinkage  after  1000°F  than  the  Avtex  material.  There  is  no  Avtex  data  with 
which  to  make  high  temperature  across-ply  thermal  expansion  comparisons. 
Comparisons  between  the  various  NARC  materials,  however,  show  the  NARC  HRPF 
evaluated  under  the  Characterization  effort  to  have  the  second  highest  peak  value  at 
1000  F and  the  lowest  value  at  5000°F.  Figure  5.6-5  shows  this  comparison. 


21 


6.0 


Conclusions 


A general  comparison  of  some  selected  properties  between  NARC  HRPF's  and 
Avtex  materials  is  given  in  Table  6.0-1.  It  was  determined  that  the  NARC  HRPF  is 
equivalent  to  the  Avtex  materials.  The  NARC  material  had  mechanical  and  thermal 
properties  which  were  consistent  with  those  measured  on  current  materials.  Some . 
slight  differences  exist  in  the  mechanical  data  but  overall  no  remarkable  variations  were 
apparent  The  morphology  of  the  NARC  material  is  comparable  to  Avtex  Restart  The 
generated  data  base  supports  all  aerospace  industries  and  provides  a great  baseline  for 
the  integrity  program. 
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Figure  1.5-1.  Culling  Plans  for  Billet  BBB-4 
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Figure  1.5-2.  Culling  Plans  for  Billet  BBB-5 
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Figure  1.5-3.  Cutting  Flans  for  Ballet  BBB-6 
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Figure  1.5-4.  Cutting  Plans  for  Billet  4581-0004 


Figure  3.2.1-2.  Warp  Across-Ply  Micrograph  of  BBB-4  at  100X 
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gure  3.2.1-3.  Fill  Across-Ply  Micrograph  of  BBB-4  at  25X 
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Figure  3.2.1-4.  Fill  Across-Ply  Micrograph  of  BBB-4  at  100X 
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Figure  3.2.1-5.  Warp  Across-Ply  Micrograph  of  BBB-5  at  25X 
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Figure  3.2.1-7.  Fill  Across-Ply  Micrograph  of  BBB-5  at  25X 
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Figure  3.2.1-10.  Warp  Across-Ply  Micrograph  of  BBB-6  at  100X 
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Figure  3.2.1-11.  Fill  Across-Ply  Micrograph  of  BBB-6  at  25X 


Table  3.2.1-1.  Microstructural  Characterization  of  NARC  HRPF  and  Historical  Carbon  Phenolic  Materials 
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Figure  3.3.1-1.  Average  Warp  Tensile/ T,fimate  Strength  of  NARC  HRPF 
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Figure  3.3.1-3.  Average  Warp  Tensile  Initia»  Elastic  Modulus  of  NARC  HRPF 
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Figure  3.3.1-4.  Warp  Tensile  Evaluations  of  NARC  HRPF  at  Room  Temperature 
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Figure  3.3.1-6.  Warp  Tensile  Evaluations  of  NARC  HRPF  at  750°F 


Table  3. 3. 2-1.  Fill  Tensile  Evaluations  for  NARC  HRPF  at  Room  Temperature 
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re  3.3. 2-1.  Average  Fill  Tensile  U Hi  mate  Strength  of  N. 
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Figure  3.3  2-4.  Fill  Tensile  Evaluations  of  NARC  HRPF  at  Room  Temperature 
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gure  3. 3. 2-9.  Fill  Tensile  Evaluations  of  NARC  HRPF  at  750°F 
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Figure  3.3.2-1 1 . Fill  Tensile  Evaluations  of  NARC  HRPF  at  1200°F 
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Figure  3.3.2-12.  Fill  Tensile  Evaluations  of  NARC  HRPF  at  2000°F 
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Figure  3.3.2-13.  Fill  Tensile  Evaluations  of  NARC  HRPF  at  2500°F 
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Figure  3.3.2-15.  Fill  Tensile  Evaluations  of  NARC  HRPF  at  4500°F 
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Figure  3. 3. 3-2.  Average  Across-Piv  T / "ile  Ultimate  Strain  of  NARC  HRPF 
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Kure  3.3  3-4  Across- I'ly  Tensile  Evaluations  of  NARC  HRPF  at  Room  Temperature 
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3.3  3-5.  Ac  ross-Ply  Tensile  Evaluations  of  N ARC  I IRPF  at  350°F 
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l:ij»uro  3. 3. 3-6.  Atross-Ply  Tensile  Evaluations  of  NARC  IIRPF  «tI  400°1* 
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Figure  3. 3. 3-7.  Aeross-Ply  Tensile  Evaluations  of  NAKC  IIRPF  at  500°F 
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Figure  3. 3. 3-9.  Across-Ply  Tensile  Evaluations  of  NARC  HRPF  at  750°F 
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Figure  3.3.3-10.  Across-I’ly  Tensile  Evaluations  of  NARC  HRPF  at  900°F 
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gure  3.3.3- 1 1.  Across-Ply  Tensile  Evaluations  of  NARC  HRPF  al  1200°F 
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3 3 3-12.  Across-Ply  Tensile  Evaluations  of  NARC  11RPF  at  2000  F 
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Figure  3.3.3-13  Across-Ply  I ensile  Evaluations  of  NARC  IIRPF  at  2500°F 
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3.3.3-15.  Across- I’ly  Tensile  Evaluations  of  NARC  IIRPF  at  4500°F 
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Figure  3.4. 1-1.  Average  Warp  Compression  Ultimate  Strength  of  NARC  HRPF 
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Figure  3.4. 1-3.  Average  Warp  Compression  Ini';;?'  Elaslic  Modulus  or  NARC  HRPF 
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3 .4.1-4.  Warp  Compression  livalualions  of  NARC  I1RPF  al  Room  lemperalure 
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3.4. 1-5.  Warp  Compression  Evaluations  of  NARC  HRPF  at  500°F 
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Figure  3.4. 1-6.  Waip  Compression  Evaluations  of  NARC  HRPF  at  1200°F 
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Figure  3.4. 1-7.  Warp  Compression  Evaluations  of  NARC  HRPF  at  3500°F 
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Figure  3.4. 1-8.  Warp  Compression  Evaluations  of  NARC  HRPF  at  4500°F 


121 


Figure  3.4. 1-9.  Compression  Failure  Notation 
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Figure  3.4. 2-1.  Average  Fill  Compression  Ultimate  Strength  of  NARC  HRPF 
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Figure  3.4. 2-2.  Average  Fill  Compression  Ultimate  Strain  of  NARC  HRPF 
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Figure  3.4.2-3.  Average  Fill  Compression  Initial  Elastic  Modulus  of  NARC  HRPF 
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Figure  3. 4.2-5.  Fill  Compression  Evaluations  of  NARC  IIRPF  at  350  F 
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Figure  3.4.2-7.  Fill  Compression  Evaluations  of  NARC  HRPF  at  750°F 
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Figure  3. 4. 2-8.  Fill  Compression  Evaluations  of  NARC  HRPF  at  900°F 
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Figure  3. 4. 2-9.  Fill  Compression  Evaluations  of  NARC  HRPF  at  1200°F 


Figure  3.4.2-11.  Fill  Compression  Evaluations  of  NARC  HRPF  at  3500°F  ,0('  •' 
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Figure  3.4.3-1.  Average  Across-P!y  Comjv-~ssior!  Ultimate  Strength  of  NARC  HRPF 


155 


Figure  3.4. 3-2.  Average  Across-Piy  Compression  Ultimate  Strain  o/  NARC  HRPF 


2.50 


156 


Figure  3.4.3-3.  Average  Across-Ply  Compression  Initial  Elastic  Modulus  of  NARC  HRPF 


5 2 2 | | 

t/>  t/5  i/i  c7>  w 

C X — £ £ 


c.  a.  a.  cl  a. 


u u u u u 

c c c x e 
< < < < < 
Z 2 2 2 2 


a.  a.  Q- 

v s \ 

r?  ^ < < < 

. i > t i 1 

o a.  a.  r r r 

. ^ \ >V  o o u 

. - < < • I I 

. Ui  , I ^ ^ 

^ « r s o o o 

3 <J)  o o o o 

>*“  . r o O O 

irt  «o  • i i 

* Om  I | w » • 

: uj  iq  o ao  s a) 

1 9x  o o to  m in 

■ r ® o » ♦ ▼ 

■ - o c o<  -d 


00*09  oo*os  00*0* 

CIS*)  sssais 


00*0C  00*02 


S1RAIN  (MIL  S/ IN) 

Figure  3.4.3-4.  Across-Ply  Compression  Evaluation  of  NARC  HRPF  at  Room  Temperature 
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Figure  3.4. 3-6.  Across-Ply  Compression  Evaluation  of  NARC  HRPF  at  350°F 
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igure  3.43-9.  Across-Ply  Compression  Evaluation  of  NARC  HRPF  at  750°F 
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Figure  3.4. 3-1 1.  Across-Ply  Compression  Evalualion  of  NARC  HRPF  at  1200°F 
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Figure  3.4.3-12.  Across-Ply  Compression  Evaluation  of  NARC  HRPF  at  2000°F 
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Figure  3.4.3-13.  Across-Ply  Compression  Evaluation  of  NARC  HRPF  at  3500°F 
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gure  3.4.3-14.  Across-Ply  Compression  Evaluation  of  NARC  HRPF  at  4500°F 


o 

in 
c n 

15 

U* 

o. 

c* 

X 

<J 

pc 

< 

2 

L. 

v2 

(fi 

C 

o 

-W 

^3 

> 

W 

c 

.2 

<rt 

2 

a. 

*-• 

c 

U 

u* 

£ 

in 


CN 

i 

<n 

a; 

3 

dS 

H 


169 


172 


’3 


174 


’5 


35000 


177 


0.160- 


178 


(KKTO 


3.00- 


179 


0.(X) 


180 


Figure  3.4.4-4.  45-WF  Compression  Evaluations  v MARC  ciRPF  at  Room  xemperature 
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Figure  3. 4. 4-5.  45-WF  Compression  Evaluations  of  NARC  HRPF  at  350°F 
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Figure  3. 4. 4-7.  45-WF  Compression  Evaluations  of  NARC  HRPF  at  600°F 
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Figure  3.4.4-10.  45-WF  Compression/"  ^lualions  of  NARC  HRPF  at  2000  F 
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Figure  3. 4.4-1 1.  45-WF  Compression  [‘'valuations  of  NAKC  HRPF  ai  3500°F 
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Figure  3.4.4-12.  45-WF  Compression  Evaluations  of  NAKC  HRPF  at4500°F 
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Figure  3.5. 1-1.  Average  Double  Notch  S*  >r  U^mate  Strength  of  NARC  HRFF 
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DOUBLE  NOTCH  SHEAR 
FAILURE  MODES 


ST(I)  - STEP  TEAR  FAILURE 


DP  = FAILURE  ALONG  TWO  OPPOSING 
PLIES  WITH  1 TEAR  THROUGH 
GAGE. 


N = MULTIPLE  OR  SPORADIC  STEP 
TEAR  FAILURE. 


P(ET)  - PLY  WITH  (END  TEAR) 
I If 1 FAILURE 


ET  = APPROXIMATE  LENGTH 
IN  INCHES  OF  END 
TEAR 


Figure  3.5.1-3.  Double  Notch  Shear  Failure  Modes 
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Table  3.5.2-1.  Warp  Roumanian  Shear  Evaluations  for  NARC  HRPF  at  Room  Temperature 
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Table  3.5.2-2.  Warp  Roumanian  Shear  Evaluations  for  NARC  HRPF  at  1200°F 
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Table  3.5.3-1.  Fill  Roumanian  Shear  Evaluations  for  NARC  HRPF  at  Room  Temperature 
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z 

o 

p 

< 

% 

> 


204 


Table  3.5.3-2.  Fill  Roumanian  Shear  Evaluations  for  NARC  HRPF  at  500°F 
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Table  3.5.3-3.  Fill  Roumanian  Shear  Evaluations  for  NARC  HRPF  at  600°F 
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Table  3.5.3-4.  Fill  Roumanian  Shear  Evaluations  for  NARC  HRPF  at  750°F 
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Table  3.5.3-5.  Fill  Roumanian  Shear  Evaluations  for  NARC  HRPF  at  900°F 
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Table  3.5.3-6.  Fill  Roumanian  Shear  Evaluations  for  NARC  HRPF  at  1200°F 
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NARC  FRACTURE  CHARACTERIZATION 
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Figure  3.5.3-2.  Iosipescu  Shear  Failure  Notation 


212 


213 


214 


215 


216 


217 


218 


219 


220 


0009 


221 


Figure  3.5.4-1 . Average  Across-PHy  Torsiona!  Ultimate  Strength  of  NARC 
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l igure  3.5  4-6  At  ross-Ply  Torsional  Evaluations  n*  NARC  HRPF  at  350°F 
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Figure  3. 5. 4-7.  Across-Ply  Torsional  Evaluations  of  NARC  HRPF  at  500°F 
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Figure  3.5.4-12.  Across-Ply  Torsional  Eval  ua  ii(  if  NARC  HRPF  at  450Q°F 
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Figure  3.6-1.  RTG  Axial  Str-ss  of  NARC  HRPF 
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Figure  3.6-2.  RTG  Lateral  Slrain  of  NARC  HRPF 
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Table  3.7-1.  Recommended  Values  of  Specific  Heat  for  NARC  HRPF 


Temperature 
C F) 

Specific  HeaC 
(Btu/lb-T) 

100 

0.228 

500 

0.325 

1000 

0.395 

1500 

0.441 

2000 

0.472 

2500 

0.494 

3000 

0.505 

3500 

0.512 

4000 

0.514 

4500 

0.515 

5000 

0.515 
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Ent 


Temperature  - °F 

Figure  3.7-1.  Enthalpy  and  Specific  Heat  of  NARC  HRPF 
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Table  3.8-1.  Warp  Thermal  Conductivity  of  Virgin  HRPF  using  Comparative  Rod  Apparatus 
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Table  3.8-2.  Warp  Thermal  Conductivity  of  2000° F Char  HRPF  using  Comparative  Rod  Apparatus 
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Table  3.8-3.  Warp  Thermal  Conductivity  of  3500°F  Char  HRPF  using  Comparative  Rod  Apparatus 
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Table  3.8-4.  Warp  Thermal  Conductivity  of  3500°F  Char  HRPF  using  Radial  Inflow  Apparatus 
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Table  3.8-5.  Warp  Thermal  Conductivity  of  3500°F  Char  HRPF  using  Radial  Inflow  Apparatus 
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Temperature  - °F 

Figure  3.8-1.  Warp  Thermal  Conductivity  of  Virgin  NARC  HRPF 
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Temperature  - °F 

Figure  3.8-3.  Warp  Thermal  Conductivity  of  3500°F  Char  NARC  HRPF 
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Temperature  - *F 

Figure  3.8-4.  Warp  Transient  Thermal  Conductivity  of  NARC  HRPF 


Table  3.8-6.  Fill  Thermal  Conductivity  of  Virgin  HRPF  using  Comparative  Rod  Apparatus 
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Table  3.8-7.  Fill  Thermal  Conductivity  of  2000°F  Char  HRPF  using  Comparative  Rod  Apparatus 
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Table  3.8-8.  Fill  Thermal  Conductivity  of  3500°F  Char  HRPF  using  Comparative  Rod  Apparatus 
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Table  3.8-9.  Fill  Thermal  Conductivity  of  3500°F  Char  HRPF  using  Radial  Inflow  Apparatus 
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Table  3.8-10.  Fill  Thermal  Conductivity  of  3500°F  Char  HRPF  using  Radial  Inflow  Apparatus 
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Comparative  Rod  Apparatus 
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Temperature  - °F 

Figure  3.8-5.  Fill  Thermal  Conductivity  of  Virgin  NARC  HRPF 


Temperature  * °F 

Figure  3 8-6  Fill  Thermal  Conductivity  of  2000°F  Char  NARC  HRPF 
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Table  3.8-11.  Across-Ply  Thermal  Conductivity  of  Virgin  HRPF  using  Comparative  Rod  Apparatus 
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Table  3.8-12.  Across-Ply  Thermal  Conductivity  of  2000°F  Char  HRPF  using  Comparative  Rod  Apparatus 
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Table  3.8-13.  Across-Ply  Thermal  Conductivity  of  3500°F  Char  HRPF  using  Comparative  Rod  Apparatus 
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16.17 


Table  3.8-14.  Across-Ply  Thermal  Conductivity  of  3500°F  Char  HRPF  using  Radial  Inflow  Apparatus 
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Table  3.8-15.  Across-Ply  Thermal  Conductivity  of  3500°F  Char  HRPF  using  Radial  Inflow  Apparatus 
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Temperature  ♦ °F 

Figure  3.8-9.  Across- Ply  Thermal  Conduclivity  of  Virgin  NARC  HRPF 


Temperature  - °F 

Figure  3.8-10  Across-Ply  Thermal  Conductivity  of  2000°F  Char  NARC  HRPF 


- AuAiionpuoQ  jeuijgqx 
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Temperature  * °F 

Figure  3.8-1 1.  Across-Ply  Thermal  Conductivity  of  3500°F  Char  NARC  HRPF 


Temperature  - °F 

Figure  3 8-12.  Across-Ply  Transient  Thermal  Conductivity  of  NARC  HRPF 


Table  3.9.1-1.  Warp  Thermal  Expansion  of  HRPF  Billet  BBB-4  Measured  in  Quartz  Dilatometer 


Temp 
C F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-W-1 

100 

0.23 

Run  No.:  H017-145-HR 

200 

0.77 

Initial  Length:  2.9993  in. 

300 

1.40 

Final  Length:  2.9920  in. 

400 

2.11 

Initial  Weight:  3.4962  gm 

450 

2.12 

Final  Weight:  2.8491  gm 

500 

1.97 

Density:  1.4507  g/cc 

550 

1.66 

600 

1.17 

650 

0.83 

700 

0.81 

750 

0.82 

800 

0.91 

850 

0.93 

900 

0.94 

950 

0.78 

1000 

0.71 

1100 

0.48 

1200 

0.42 

1300 

0.42 

1400 

0.28 

1500 

0.13 

1600 

0.08 

1700 

0.02 

1800 

-0.11 

70 

-2.63 
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Table  3.9. 1-2.  Warp  Thermal  Expansion  of  HRPF  Billet  BBB-5  Measured  in  Quartz  Dilatometer 


Temp 

(*F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-W-1 

100 

0.24 

Run  No.:  H017-133-HR 

200 

0.74 

Initial  Length:  2.9992  in. 

300 

1.39 

Final  Length:  2.9907  in. 

400 

1.98 

Initial  Weight:  3.4822  gm 

450 

2.12 

Final  Weight:  2.8367  gm 

500 

1.97 

Density:  1.4519  g/cc 

550 

1.96 

600 

1.84 

650 

1.25 

700 

1.14 

750 

1.05 

800 

1.07 

850 

1.09 

900 

1.10 

950 

1.06 

1000 

0.99 

1100 

0.81 

1200 

0.59 

1300 

0.34 

1400 

0.19 

1500 

-0.07 

1600 

-0.26 

1700 

-0.38 

1800 

-0.53 

70 

-3.00 
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Table  3.9. 1-3.  Warp  Thermal  Expansion  of  HRPF  Billet  BBB-6  Measured  in  Quartz  Dilatometer 


Temp 

CF) 

Specimen  Thermal 
Expansion 
(10-3  In. /In.) 

70 

0 

Specimen:  CTE-W-1 

100 

0.26 

Run  No.:  H017-135-HR 

200 

0.99 

Initial  Length:  3.0000  In. 

300 

1.57 

Final  Length:  2.9905  in. 

400 

2.19 

Initial  Weight:  3.5157  gm 

450 

2.19 

Final  Weight:  2.8601  gm 

500 

2.09 

Density:  1.4584  g/cc 

550 

1.86 

600 

1.54 

650 

1.20 

700 

1.18 

750 

1.20 

600 

1.17 

850 

1.09 

900 

1.09 

950 

0.95 

1000 

0.96 

1100 

0.73 

1200 

0.59 

1300 

0.34 

1400 

0.09 

1500 

-0.12 

1600 

-0.26 

1700 

-0.22 

1800 

-0.36 

70 

-3.13 

Table  3.9.1-4.  Warp  Thermal  Expansion  of  HRPF  Billet  BBB-4  Measured  in  Graphite  Dilatometer 


W 5 5 5)  S) 

H 


o 

m 

CM 

CM 

rH 

OH 

ao 

00 

ON 

m 

OH 

m 

rM 

O' 

o 

r*- 

1— < 

in 

CM 

m 

m 

CM 

1 

m 

3 

• 

i 

• • 

■ ■ 

u 

<3* 

X 

u 

H 

*-4 

U 

• • 

-C 

• • 

a 

X 

60  JZ 

60  u 

c 

4> 

s o 
2 
o 

4)  C 
O.  3 
w aJ 


C u ^4  US 
0)  60  4}  60 
J C 3 

3^3 


u 4 t)  <d 
•H  c C 
C *H  C *H 

H h H 


c ^ 
0)  o • 
> «H  C 

AJ 

4J  <0  \ 
ai  60  • 

rH  C C 
3 0*^ 

B rH 

3 td  n 

o • 

U 4J  o 

<1  «r«»  r-H 

c 

p 


n«ooooosrtO»OMvo 

vooosjn^vo^Hoo'O^a^ 


CM  i— If— If— lOOcnONtOf-HfOCM 
1 • • • * ^ CM  CM  f-H 


CTj 

e 

m c 

«1  C 
JS  o \ 
H *h  . 

« c 

C C -H 
4) 

E am 
X i 
O C*3  O 
4> 

a w 

co 


OmmmmoHomi— immo> 
r^^movmor^triCMOm 


OHHHC^lvOiHOO-CvOifl 
H H (N  CS  rl 


a >*n 

b a 

4)  • 
H w 


m,— ir^oaooaNOf— iaD<to 
r^'sooor^i— iO^OtnfHmor,*» 
vOO^O'OOH^HvOO 
i— i h h ♦ cm  m m in 


269 


ansion  of  HRPF  Billet  BBB-5  Measured  in  Graphite  Dilatometer 
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Table  3.9.1-6.  Warp  Thermal  Expansion  of  HRPF  Billet  BBB-6  Measured  in  Graphite  Dilatometer 
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Temperature  - °F 

Figure  3.9. 1-1.  Warp  Thermal  Expansion  of  NARC  HRPF  (105°F/40%  Rh’  10°F/sec) 


Specimen:  CTE-Warp-1  BBB-6 
Run:  1 

Initial  Length:  2.9904  in. 

Final  Length:  3.0412  in. 


Temperature  - °F 


Figure  3.9.1-2.  Warp  Thermal  Expansion  of  NARC  HRPF  (105°F/40%  RH) 


Table  3.9.2-1.  Fill  Thermal  Expansion  of  HRPF  Billet  BBB-4  Measured  in  Quartz  Dilatometer 


Temp 

CF) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-F-1 

100 

0.24 

Run  No.:  H017-131-HR 

200 

0.71 

Initial  Length:  2.9994  in. 

300 

1.35 

Final  Length:  2.9890  in. 

400 

1.94 

Initial  Weight:  3.4934  gm 

450 

2.08 

Final  Weight:  2.8144  gm 

500 

1.84 

Density:  1.4495  g/cc 

550 

1.69 

600 

1.50 

650 

1.04 

700 

0.94 

750 

0.92 

800 

0.94 

850 

0.93 

900 

0.94 

950 

0.78 

1000 

0.71 

1100 

0.48 

1200 

0.20 

1300 

0.04 

1400 

-0.14 

1500 

-0.29 

1600 

-0.51 

1700 

-0.65 

1800 

-0.86 

70 

-3.47 
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Table  3. 9. 2-2.  Fill  Thermal  Expansion  of  HRPF  Billet  BBB-5  Measured  in  Quartz  Dilatometer 


Temp 

(*F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-F-1 

100 

0.23 

Run  No.:  H017-132-HR 

200 

0.71 

Initial  Length:  2.9991  in. 

300 

1.37 

Final  Length:  2.9915  in. 

400 

1.98 

Initial  Weight:  2.9915  gm 

450 

2.12 

Final  Weight:  2.8162  gm 

500 

2.14 

Density:  1.4513  g/cc 

550 

2.16 

600 

2.10 

650 

1.67 

700 

1.54 

750 

1.55 

800 

1.54 

850 

1.56 

900 

1.55 

950 

1.56 

1000 

1.49 

1100 

1.31 

1200 

0.99 

1300 

0.67 

1400 

0.43 

1500 

0.38 

1600 

0.34 

1700 

0.05 

1800 

-0.20 

70 

-2.83 
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Table  3.9.2-3.  Fill  Therm 
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Table  3.9.2-4.  Fill  Thermal  Expansion  of  HRPF  Billet  BBB-5  Measured  in  Graphite  Dilatometer 
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Unit  Thermal  Expansion  IAL/U  in  10  * in. /in. 


Temperature  - °F 


Figure  3.9.2 -2.  Fill  Thermal  Expansion  of  NARC  HRPF  (105°F/40%  RH) 
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Table  3.9.3-1.  Across-Ply  Thermal  Expansion  of  HRPF  Billet  BBB-4  Measured  in  Quartz  Dilatometer 


Specimen  Thermal 


Temp 

CF) 

Expansion 
(10-3  in./in.) 

70 

0 

Specimen:  CTE-A/P-2 

100 

0.36 

Run  No.:  H017-127-HR 

200 

1.24 

Initial  Length:  0.9998  in. 

300 

2.07 

Final  Length:  0.9795  in. 

400 

4.11 

Initial  Weight:  1.1597  gm 

450 

7.12 

Final  Weight:  0.9080  gm 

500 

15.14 

Density:  1.4466  g/cc 

550 

23.66 

600 

40.98 

650 

50.98 

700 

52.12 

750 

51.23 

800 

51.65 

850 

54.21 

900 

59.28 

950 

62.29 

1000 

62.30 

1100 

49.32 

1200 

14.32 

1300 

1.09 

1400 

-6.14 

1500 

-10.38 

1600 

-13.59 

1700 

-16.55 

1800 

-18.93 

70 

-22.25 

Table  3.9.3-Z  Across-Ply  Thermal  Expansion  of  HRPF  Billet  BBB-6  Measured  in  Quartz  Dilatometer 


Temp 
C F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen : CTE - A/P - 2 

100 

0.51 

Run  No.:  H017-129-HR 

200 

1.04 

Initial  Length:  1.0000  in. 

300 

2.27 

Final  Length:  0.9818  in. 

400 

4.31 

Initial  Weight:  1.1599  gm 

450 

9.12 

Final  Weight:  0.9499  gm 

500 

16.14 

Density:  1.4501  g/cc 

550 

24.16 

600 

35.97 

650 

46.27 

700 

46.31 

750 

46.32 

800 

47.24 

850 

50.06 

900 

53.27 

950 

56.28 

1000 

56.29 

1100 

44.31 

1200 

12.32 

1300 

-0.66 

1400 

-5.64 

1500 

-9.62 

1600 

-12.39 

1700 

-14.35 

1800 

-16.33 

70 

-18.98 
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Table  3.9.3-3.  Aeross-Ply  Thermal  Expansion  of  HRPF  Billel 
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Table  3.9.3-4.  Across-Ply  Thermal  Expansion  of  HRPF  Billet  BBB-6  Measured  in  Graphite  Dilatometer 
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Table  3.9.3-5.  Across-Ply  Thermal  Expansion  of  HRPF  Billet  BBB-5  Measured  in  Quartz  Dilatometer  (W et) 


Temp 

CF) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE- A/P-1  (WET) 

100 

0.36 

Run  No.:  H017-147-HR 

200 

2.04 

Initial  Length:  1.0009  in. 

300 

8.16 

Final  Length:  0.9893  in. 

400 

37.88 

Initial  Weight:  1.2156  gm 

450 

58.07 

Final  Weight:  0.8842  gm 

500 

74.07 

Density:  1.5159  g/cc 

550 

79.09 

600 

80.10 

650 

77.20 

700 

74.14 

750 

73.95 

800 

74.17 

850 

76.19 

900 

79.20 

950 

80.96 

1000 

81.22 

1100 

61.26 

1200 

26.30 

1300 

10.53 

1400 

4.36 

1500 

0.38 

1600 

-3.39 

1700 

-6.04 

1800 

-8.02 

70 

-10.86 
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- Table  3.9.3-6.  Across-Ply  Thermal  Expansion  of  HRPF  Billet  BBB-5  Measured  in  Quartz  Dilatometer  (Wet) 


Temp 

(*F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-A/P-2  (WET) 

100 

0.36 

Run  No.:  H017-148-HR 

200 

1.94 

Initial  Length:  1.0014  in. 

300 

10.06 

Final  Length:  0.9900  in. 

400 

45.05 

Initial  Weight:  1.2160  gm 

450 

63.03 

Final  Weight:  0.9432  gm 

500 

75.04 

Density:  1.5120  g/cc 

550 

79.05 

600 

78.06 

650 

75.07 

700 

72.31 

750 

71.32 

800 

71.94 

850 

74.16 

900 

76.16 

950 

78.17 

1000 

78.38 

1100 

54.23 

1200 

22.29 

1300 

9.13 

1400 

3.56 

1500 

-0.62 

1600 

-4.08 

1700 

-6.54 

1800 

-8.52 

70 

-11.28 
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Table  3.9.3-7.  Across-Ply  Thermal  Expansion  of  HRPF  Billet  BBB-6  Measured  in  Quartz  Dilatometer  (V— ^ 


Temp 
C F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-A/P-1  (WET) 

100 

0.31 

Run  No.:  H017-146-HR 

200 

1.84 

Initial  Length:  1.0010  in. 

300 

4.07 

Final  Length:  0.9932  in. 

400 

26.08 

Initial  Weight:  1.2172  gm 

450 

48.07 

Final  Weight:  0.9073  gm 

500 

67.87 

Density:  1.5103  g/cc 

550 

74.59 

600 

76.69 

650 

76.09 

700 

74.14 

750 

72.35 

800 

72.17 

850 

73.19 

900 

75.20 

950 

77.20 

1000 

77.71 

1100 

64.25 

1200 

30.29 

1300 

12.33 

1400 

6.35 

1500 

2.18 

1600 

-1.59 

1700 

-3.80 

1800 

-4.77 

70 

-7.69 
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Table  3.9.3-8.  Across-Ply  Thermal  Expansion  of  HRPF  Billet  BBB-4  Measured  in  Quartz  Dilatometer  (Dry) 


Specimen  Thermal 


Temp 

(*F) 

Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-A/P-1  (DRY) 

100 

0.36 

Run  No.:  H017-141-HR 

200 

1.34 

Initial  Length:  0.9983  in. 

300 

2.07 

Final  Length:  0.9764  in. 

400 

3.52 

Initial  Weight:  1.1384  gm 

450 

4.73 

Final  Weight:  0.9371  gm 

500 

8.15 

Density:  1.4222  g/cc 

550 

13.18 

600 

18.20 

650 

30.22 

700 

44.08 

750 

48.30 

800 

50.33 

850 

54.15 

900 

58.37 

950 

60.88 

1000 

60.29 

1100 

40.38 

1200 

9.34 

1300 

-2.67 

1400 

-7.65 

1500 

-12.24 

1600 

-15.62 

1700 

-17.58 

1800 

-19.56 

70 

-23.04 

Table  3.9.3-9.  Across-Ply  Thermal  Expansion  of  HRPF  Billet  BBB-4  Measured  in  Quartz  Dilatometer  (tJTy) 


Temp 
C F) 

Specimen  Thermal 
Expansion 
(10-3  in. /In.) 

70 

0 

Specimen:  CTE-A/P-3  (DRY) 

100 

0.31 

Run  No.:  H017-139-HR 

200 

1.24 

Initial  Length:  0.9984  in. 

300 

2.17 

Final  Length:  0.9797  in. 

400 

4.02 

Initial  Weight:  1.1415  gm 

450 

5.13 

Final  Weight:  0.9594  gm 

500 

8.25 

Density:  1.4225  g/cc 

550 

14.08 

600 

18.20 

650 

28.21 

700 

40.27 

750 

46.49 

800 

48.82 

850 

52.34 

900 

56.36 

950 

60.38 

1000 

60.39 

1100 

42.48 

1200 

10.34 

1300 

-1.66 

1400 

-6.85 

1500 

-10.64 

1600 

-13.61 

1700 

-15.58 

1800 

-17.56 

70 

-19.38 
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Table  3.9.3-10.  Across-Ply  Thermal  Expansion  of  HRPF  Billet  BBB-6  Measured  in  Quartz  Dilatometer  (Dry) 


Temp 

<*F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-A/P-3  (DRY) 

100 

0.36 

Run  No.:  H017-143-HR 

200 

1.39 

Initial  Length:  0.9982  in. 

300 

2.07 

Final  Length:  0.9787  in. 

400 

3.92 

Initial  Weight:  1.1509  gm 

450 

5.53 

Final  Weight:  0.9620  gm 

500 

9.16 

Density:  1.1509  g/cc 

550 

14.19 

600 

18.20 

650 

26.22 

700 

36.27 

750 

42.30 

800 

45.92 

850 

48.35 

900 

53.37 

950 

57.38 

1000 

58.49 

1100 

46.39 

1200 

8.33 

1300 

-2.47 

1400 

-7.05 

1500 

-11.39 

1600 

-13.62 

1700 

-15.58 

1800 

-17.56 

70 

-21.14 
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• Specimen:  CTE-A/P-2  BBB-4 

Run:  1 

Initial  Length:  0.9998  In. 

Final  Length:  0.9795  In. 

■ Specimen:  CTE-A/P-2  BBB-6 

Run:  1 

Initial  Length:  1.0000  in. 

Final  Length:  0.9818  in. 

o Specimen:  CTE-A/P-2  BBB-4 

Run:  1 

Initial  Length:  0.9790  In. 

Final  Length:  0.9182  in. 

□ Specimen:  CTE-A/P-2  BBB-6 

Run:  1 

Initial  Length:  0.9813  in. 

Final  Length:  0.9272  in. 

Flagged  symbols  represent  data 
measured  after  room  temperature 


Temperature 


Figure  3.9.3-1  Across-Ply  Thermal  Expansion  of  MARC  HRPF  (105oF/40%  RH) 
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Temperature  - °F 

Figure  3 9.3-3.  Across-Ply  Thermal  Expansion  of  NARC  HRPF  (Wet,  10°F/sec) 


Specimen:  CTE- A/P-1  BBB-4 
Initial  Length:  0.9983  in. 


Temperature  - °F 

Figure  3.9.3^.  Across-Ply  Thermal  Expansion  of  NARC  MRPF  (Dry,  10°F/sec) 


Table  3.10-1.  Average  Dynamic  Thermal  Response  of  NARC  HRPF  in  the  Fill  Direction  at  100  Btu/ ft2- sec 


mi 

HE35535^5BbI 

0 

87 

85 

86 

5 

105 

83 

84 

10 

200 

84 

85 

15 

283 

92 

87 

20 

413 

112 

90 

25 

548 

142 

99 

30 

667 

177 

113 

35 

771 

215 

139 

40 

881 

228 

158 

45 

987 

305 

178 

50 

• 1081 

352 

191 

55 

1158 

400 

60 

1234 

447 

220 

65 

1293 

492 

236 

70 

1345 

536 

274 

75 

1393 

578 

304 

80 

1432 

622 

336 

85 

1470 

664 

367 

90 

1500 

705 

400 

95 

1527 

744 

432 

100 

1550 

782 

465 

105 

1574 

819 

497 

110 

1594 

856 

529 

115 

1598 

893 

559 

120 

1614 

931 

591 

294 


Table  3.10-2.  Average  Dynamic  Thermal  Response  of  NARC  HRPF  in  the  Fill  Direction  at  300  Btu/ ft2-sec 


■m 

Hot  Thermocouple 
Temperature  (°F) 

Cold  Thermocouple 
Temperature  (°F) 

0 

90 

81 

81 

5 

148 

82 

82 

10 

235 

86 

83 

15 

469 

102 

86 

20 

806 

132 

95 

25 

1172 

178 

114 

30 

1616 

248 

143  ' 

35 

1955 

341 

170 

40 

2162 

435 

189 

45 

2282 

554 

218 

50 

2366 

698 

257 

55 

2393 

860 

288 

60 

2466 

1029 

352 

295 


Table  3.10-3.  Average  Dynamic  Thermal  Response  of  NARC  HRPF  in  the 


Across-Ply  Direction  at  100  Btu/ft2-sec 


m 

SaHM  1 1 1 \ i BP 

Mid  Thermocouple 
Temperature  (°F) 

Cold  Thermocouple 
Temperature  (°F) 

0 

89 

83 

81 

5 

99 

85 

82 

10 

146 

84 

82 

15 

209 

86 

83 

20 

274 

92 

88 

25 

337 

102 

93 

30 

399 

116 

102 

35 

474 

131 

106 

40 

550 

151 

121 

45 

630 

171 

139 

50 

705 

193 

154 

55 

777 

215 

170 

60 

856 

238 

184 

65 

933 

262 

197 

70 

1004 

286 

211 

75 

1072 

311 

226 

80 

1132 

336 

240 

85 

1188 

361 

260 

90 

1236 

386 

282 

95 

1279 

412 

303 

100 

1319 

435 

323 

105 

1356 

460 

345 

110 

1388 

483 

366 

115 

1419 

507 

388 

120 

1448 

534 

410 

296 


Table  3.10-4.  Average  Dynamic  Thermal  Response  of  NARC  HRPF  in  the 
Across-Ply  Direction  at  300  Btu/ ft?-sec 


Time 

(sec) 

Hot  Thermocouple 
Temperature  (°F) 

Mid  Thermocouple 
Temperature  (°F) 

Cold  Thermocouple 
Temperature  (°F) 

0 

84 

80 

80 

5 

101 

80 

80 

10 

178 

83 

82 

15 

283 

94 

87 

20 

422 

113 

% 

25 

621 

137 

110 

30 

911 

166 

128 

35 

1284 

197 

147 

40 

1591 

230 

165 

45 

1837 

269 

182 

50 

2018 

314 

200 

55 

2157 

359 

221 

60 

2332 

406 

243 

297 


(h)  H>iruv'n.ii\i;i.L 
299 


Dynamic  Thermal  Response  of  NARC  HRPF  in  the  A/P  Direction  (Flux=300) 


Table  3.11-1.  Emmitance  for  NARC  HRPF 


TeaperaCure  (*F) 

Total  Normal  Emittance 

Specimen  Run  Number 

1558 

0.76 

D0245-104 

1738 

0.79 

D0245-104 

1999 

0.83 

00245*104 

2228 

0.83 

00245-104 

2485 

0.81 

00245-104 

2775 

0.83 

00245-104 

3120 

0.79 

00245-104 

1787 

0.80 

D0245-123 

2177 

0.81 

D0245-123 

2415 

0.83 

00245-123 

2755 

0.89 

00245-123 

3055 

0.91 

00245-123 

3363 

0.83 

D0245-123 

3594 

0.87 

00245-123 

1705 

0.74 

D0245- 124 

2064 

0.75 

00245-124 

2371 

0.82 

00245-124 

2561 

0.80 

D0245-124 

2710 

0.74 

00245-124 

3072 

0.91 

00245-124 

3471 

0.78 

D0245-124 

302 


Temperature  - °F 

Figure  3.11-1.  Total  Normal  Emittanceof  NARC  HRPF 


Table  3.12-1.  Thermogravimetric  Analysis  of  NARC  HRPF 


rm 

HHH 

mm 

BBB-4 

TG118.TG 

804 

1264 

BBB-4 

TG120.TG 

839 

1309 

BBB-5 

TG122.TG 

804 

1279 

12.8  [ 

BBB-5 

TG124.TG 

785 

1258 

13.8 

BBB-6 

TG129.TG 

794 

1276 

12.1 

BBB-6 

TG137.TG 

794 

1277 

12.5 

AVERAGE 

803 

1277 

12.4 

304 


306 


HRPF-MX  4926  L3BB-5  WT.  9.  1109  mg  RATE*  20. 00  deg/min 

„ DERIVATIVE 


307 


PARNOLD  FILE',  1G1PP.  TG  TEMPERATURE  (C) 

Figure  3.12-3.  Thermogravimetric  Analysis  of  NARC  HRPF  (BBB-5)  (TG122-TG) 


I IRPF-MX  4926  DD13- 


308 


MRPF-MX  492G  DBB-6  WT«  9.4451  mg  RATEi  20.00  deg/mln 


309 


P ARNOLD  FIl.Fi  1C1P9.  1G  TEMPERATURE  (C) 

Figure  3.12-5.  Thermogravimetric  Analysis  of  NARC  HRPF  (BBB-6)  (TG129-TG) 
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Table  3.13-1.  Maximum  Moisture  of  NARC  HRPF  Soaking  in  Deionized  Water  at  120°F 


ELAPSED 

TIME 

SQKT.  OF 

SPECIMEN  WEIGHT 

ELAPSED 

TIME 

BBB-4 

BBB-5 

BBB-6 

fhwl 

1 

2 

3 

14-Jun-91 

0 

040 

03950 

0.6786 

0.6861 

17-Jun-91 

72 

8.49 

0.6874 

0.6936 

18-Jun-91 

96 

9.80 

0.6892 

0.6948 

19-Jun-91 

120 

10.95 

0.6905 

0.6961 

20-Jun-91 

144 

12.00 

0.6913 

0.6966 

25-Jun-91 

264 

16.25 

0.6959 

0.7003 

16.97 

0.6153 

2-Jul-91 

432 

20.78 

0.6999 

0.7036 

9-Jui-91 

600 

24.49 

0.7028 

0.7062 

16.Jul.91 

768 

27.71 

0.7052 

0.7081 

22-ful-91 

912 

30.20 

0.7068 

0.7095 

31-Jul-91 

1128 

33.59 

0.7087 

0.7120 

6- Aug-91 

1272 

35.67 

0.7092 

0.7125 

12-Aug-91 

1416 

37.63 

0.7102 

0.7138 

20-Aug-91 

1608 

40.10 

0.7108 

0.7154 

40.69 

0.6265 

28- Aug-91 

1800 

42.. 43 

0.6264 

0.7110 

0.7157 

4-Sep-91 

1968 

4436 

0.7113 

0.7164 

10-Sep-91 

2112 

45.96 

0.7113 

0.7167 

46.99 

0.6276 

16-S«p-91 

2256 

47.50 

0.7117 

0.7175 

48.25 

0.6276 

24-Sep-91 

2448 

49.48 

0.7118 

0.7175 

50.68 

0.6274 

30-Sep-91 

2592 

50.91 

0.7117 

0.7175 

52.08 

0.6280 

53.22 

0.6279 

54.77 

0.6277 

56.28 

0.6279 

PERCENT  WEIGHT  CAIN 


14-Jun-91 

0 

0.00 

0.00 

0.00 

0.00 

17-Jun-91 

72 

8.49 

130 

1.09 

18-Jurv-91 

96 

9.80 

1.56 

1.27 

19-Jun-91 

120 

10.95 

1.75 

1.46 

20-Jun-91 

144 

12.00 

1.87 

1.53 

25-Jun-91 

264 

16.25 

2.55 

2.07 

16.97 

3.41 

2-Jul-91 

432 

20.78 

3.14 

2.55 

9-Jui-91 

600 

24.49 

3.57 

2.93 

16-Jul-91 

768 

27.71 

3 92 

3.21 

22-Jul-91 

912 

30.20 

4.16 

3.41 

31-Jul-91 

1128 

33.59 

4.44 

\T ~ 

6-Aug-91 

1272 

35.67 

4.51 

3.85 

12-Aug-9l 

1416 

37.63 

4.66 

4.04 

20- Aug-91 

1608 

40.10 

4.75 

4.27 

40.69 

5.29 

28-Aug-91 

1800 

42.43 

5.28 

4.77 

4.31 

4-Sep-91 

1968 

44.36 

4.82 

4.42 

10- Sep-91 

2112 

45.% 

4.82 

4.46 

46.99 

5.48 

16-Sep-91 

2256 

47.50 

4.88 

4.58 

48.25 

548 

24- Sep-91 

2448 

49.48 

4.89 

4.58 

50.68 

5.45 

30- Sep-91 

2592 

50.91 

4.88 

4.58 

52.08 

5.55 

53  22 

553 

54.77 

5 50 

56.28 

3 5^ 
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Table  3.13-2.  Maximum  Moisture  of  NARC  HRPF  Drying  in  Vacuum  Oven  at  230°F 


DATE 

ELAPSED 

TIME 

(hi*) 

SQRT.OF 

SPECIMEN  WEIGHT 

ELAPSED 

TIME 

(his) 

BBB-4 

1 

BBB*5 

2 

BBB-4 

3 

30-S«p»91 

0 

050 

0.6279 

0.7117 

0.7173 

l-Oct-91 

24 

4.90 

05744 

0.6839 

2-Oct-91 

48 

6.93 

03862 

0.6682 

0.6789 

3-Oct-91 

72 

8.49 

05797 

0.6631 

05751 

4-Oct»91 

96 

9.80 

0.6696 

7-Octr91 

168 

12.96 

0.654* 

0.6638 

8-Oct-91 

192 

1356 

05737 

0.6542 

0.6648 

10-Oct-91 

240 

15.49 

0572 

0.6536 

0.6633 

14-Oct-91 

336 

1833 

05732 

0.6509 

0.6592 

15-Oct-91 

360 

18.97 

0.6512 

0.6599 

18- Oct-91 

432 

20.78 

0.6503 

0.6593 

21-Oct-91 

504 

2X45 

05718 

0.6501 

05591 

24-Oct-91 

576 

24.00 

0.6512 

0.6603 

25-Oct-91 

600 

24.49 

0.6498 

0.6587 

25.46 

0.5722 

29-Oct-91 

696 

2638 

0.6501 

0.6587 

28.98 

0.5711 

S-Nov-91 

864 

2939 

0.6497 

05588 

3X12 

05715 

34.99 

05715 

36.99 

0.5719 

40.69 

0.5715 

30-S«p-91 

0 

0.00 

0.00 

0.00 

0.00 

0.00 

l-Oct-91 

24 

4.90 

5.53 

4.91 

5.22 

2-Oct-91 

48 

6.93 

7.11 

6.51 

559 

6.44 

3-Oct-91 

72 

8.49 

831 

733 

6.28 

731 

4-Oct-91 

96 

9.80 

7.15 

7.15 

7-Oct-91 

168 

1X96 

8.72 

8.09 

8.41 

8-Oct-91 

192 

13.86 

9.45 

8.79 

7.93 

8.72 

10-Oct-91 

240 

15.49 

9.77 

8.89 

8.17 

8.94 

14-Oct-91 

336 

1833 

9.54 

934 

8.84 

9.24 

15-Oct-91 

360 

18.97 

9.29 

8.73 

9.01 

18-Oct-91 

432 

20.78 

9.44 

8.83 

9.13 

21-Oct-91 

504 

22.45 

9.81 

9.48 

8.86 

938 

24-Oct-91 

576 

24.00 

9.29 

8.66 

8.98 

25-Oct-9l 

600 

24.49 

9.53 

8.93 

9.23 

25.46 

9.73 

9.73 

29-Oct-9l 

696 

2638 

9.48 

8.93 

9.20 

28.98 

9.95 

995 

5-Nov-91 

864 

29.39 

954 

8.91 

9.23 

32.12 

9.87 

9.87 

34.99 

987 

987 

36.99 

9.79 

9.79 

40.69 

9.87 

9.87 

312 


6.00 


313 


0.00 


12.00 


314 


0.00 


Table  3.14-1.  Volatiles  Content  of  NARC  HRPF  Dried  in  Vacuum  Oven  at  230°F 


DATE 

ELAPSED 

TIME 

(h») 

SQRT.  OF 
ELAPSED 
TIME 
(hra) 

SPECIMEN  WEIGHT 

BBB-4  BBB-5  BBB-6 

12  3 

17-Jun-91 

0 

0.00 

2.9554 

2.9758 

3.0235 

18-Jun-91 

24 

4.90 

2.9393 

2.9882 

20-Jun-91 

72 

8.49 

2.9190 

2.9701 

26-Jun-91 

216 

14.70 

2.8974 

2.9479 

3-Jul-91 

384 

19.60 

26.38 

2.8737 

2.8790 

2.9310 

24-H-91 

888 

29.80 

2.8589 

2.9099 

31-Jul-91 

1056 

32.50 

2.8595 

2.9097 

5-Aug-91 

1176 

34.29 

2.8361 

2.8555 

2.9042 

13-Aug-91 

1368 

36.99 

2.8386 

2.8515 

2.9013 

21-Aug-91 

1560 

39.50 

2.8368 

2.8494 

2.8994 

29-Aug-91 

1752 

41.86 

2.8363 

2.8465 

2.8%7 

4-Sep-91 

18% 

43.54 

2.8353 

2.8469 

2.8970 

10-Sep-91 

2040 

45.17 

2.8364 

2.8467 

2.8971 

16-Sep-91 

2184 

46.73 

2.8366 

2.8476 

2.8979 

PERCENT  WEIGHT  LOSS 


MEAN 


17-Jun-91 

0 

0.00 

0.00 

0.00 

0.00 

0.00 

18-Jun-91 

24 

4.90 

1.23 

1.17 

1.2 

20-Jun-91 

72 

8.49 

1.91 

1.77 

1.84 

26-Jun-91 

216 

14.70 

2.63 

2.5 

2.57 

3-Jul-91 

384 

19.60 

3.25 

3.06 

3.16 

26.38 

2.76 

2.76 

24-Jul-91 

888 

29.80 

3.93 

3.76 

3.84 

31-Jul-91 

1056 

32.50 

3.91 

3.76 

3.84 

5- Aug-91 

1176 

34.29 

4.04 

4.04 

3.95 

4.01 

13-Aug-91 

1368 

36.99 

3.95 

4.18 

4.04 

4.06 

21-Aug-91 

1560 

39.50 

4.01 

4.25 

4.10 

4.12 

29-Aug-91 

1752 

41.86 

4.03 

4.35 

4.19 

4.19 

4-Sep-91 

18% 

43.54 

4;06 

4.33 

4.18 

4.19 

10-Sep-91 

2040 

45.17 

4.03 

4.34 

4.18 

4.18 

16-Sep-91 

2184 

46.73 

4.02 

4.31 

4.15 

4.16 

315 


5.00 


316 


0.00 


30000 


Figure  4.1-1.  Fill  Tensile  Ultimate  Strength  Distributions 


Table  4.1-1.  Fill  Tensile  Averages  at  70°F 


AVERAGE  VALUES 


mm 

mi 

BREAK 
VELOCITY 
_ (iiViiscc) 

■ 

IMOIlll 

■ 

■Snn 

l 

1 • 

NARC  HRPF  (RSRM) 

mm 

4581-0004 

7 

1.4597 

0.1653 

0.1639 

3.03 

0.0106 

BBB-4(6) 

2 

1.4584 

0.1659 

0.1661 

2.85 

0.0115 

■ 

BBB-6 

6 

1.4629 

0.1648 

0.1640 

2.84 

0.0124 

NARC  HRPP  (DEV) 

■HIM 

23HRPF-1A 

5 

1.4866 

0.1685 

0.1677 

3.00 

0.0137 

NARC  HRPP  (QUAL) 

B8B-5 

6 

1.4706 

0.1690 

0.1678 

2.94 

0.0136 

23681  ! 

NARC  HRPP  (D5) 

wmm 

| 

9999-4403 

6 

1.4496 

0.1668 

0.1640 

1 

0.0114 

1 

PILLET  STANDARD  DEVIATIONS 


NARC  HRPF  (RSRM) 

4581-0004 

BBB-4(6) 

BBB-6 

0.0011 

0.0004 

0.0055 

1 

1 

0.0008 

0.0006 

0.0002 

0.5903 

0.0000 

0.0595 

0.0008 

0.0007 

0.0009 

969 

495 

iT>6 

NARC  HRPP  (DEV) 

23HRPF-1A 

0.0021 

0.0007 

0.0006 

0.0487 

KB 

NARC  HRPF  (QUAL) 

BBB-5 

0.0009 

0.0006 

0.0008 

0.1143 

0.0004 

1520 

NARC  HRPF  (D5) 

9999-4403 

00036 

0.0210 

0.0007 

2307 

— i 

BILLET 


COEFFICIENT  OF  VARIATIONS 


NARC  HRPF  (RSRM) 


•4581-0004 

BBB-4(6) 

BBB-6 


0.0754 

0.0274 

0.3760 


0.4840 

0.1808 

0.1214 


0.4881 
0 3612 
0 1220 


194818 

0.0000 

2.0951 


7.5472 

6.0870 

7.2581 


5.3201 
2.4528 
3 S.V>3 


NARC  HRPF  (DEV) 


23HRPF-1 A 


0 1413 


0 4154 


0.3578 


l.b233 


5.8394 


13.2460 


NARC  HRPF  (QUAL) 


BBB-5 


9999-4403 


0.0612 


0.2483 


0.3550 


0 3597 


0.4768 


0. 3049 


3.8878 


0.7609 


2.9412 


t>.1404 


6 4186 


10  7955 


NARC  HRPF  (D5) 


Table  4.1-2.  Fill  Tensile  Averages  at  750°F 


AVERAGE  VALUES 


PHASE /BILLET 

NUMBER 
OF  SAMPLES 

DENSITY 

(gin/cmJ) 

BREAK 

VELOCITY 

(in/ysec) 

PEAK 

VELOCITY 

(ir0isec) 

INT.  ELASTIC 
MODULUS 
(M*i) 

ULTIMATE 

STRAIN 

(in/in) 

■ 

NARC  HRPF  (RSRM) 

BBB-4  (194049) 
BBB-6 

6 

6 

1.4580 

1.4648 

0.1648 

0.1644 

m 

1.23 

1.20 

00108 

0.0117 

9862 

12310 

NARC  HRPF  (DEV) 

23HRPF-1A 

5 

1.4863 

0.1690 

0.1682 

1.20 

00125 

11219 

NARC  HRPF  (QUAL) 
BBB-5 

5 

1.4704 

0.1689 

0.1672 

1.10 

14451 

NARC  HRPF  (DS) 

9999-4403 

6 

1.4484 

0.1673 

1.44 

0.0101 

BILLET  STANDARD  DEVIATIONS 


NARC  HRPF  (RSRM) 

4581-0004 

BBB-6 

0.0004 

0.0055 

0.0001 

0.0004 

1 1 

0.0846 

0.1424 

907 

748 

NARC  HRPF  (DEV) 

23HRPF-1 A 

0.0016 

0.0006 

0.0004 

237 

NARC  HRPF  (QUAL) 

BBB-5 

0.0013 

0.0004 

0.0014 

e2U 

NARC  HRPF  (DS) 

9999-4403 

0.0028 

0.0005 

0.0005 

0.1098 

0.0006 

o94 

BILLET  coefficient  of  variations 


NARC  HRPF  (RSRM) 

4581-0004 

BBB-6 

m 

H 

6.8780 

11.9163 

16  6667 
10.2564 

9 1969 
b 0764 

NARC  HRPF  (DEV) 

23HRPF-1A 

0.1076 

4.4482 

6.4000 

2.1125 

NARC  HRPF  (QUAL) 

BBB-5 

1 

0.0884 

6 1978 

71429 

4.2904 

NARC  HRPF  (D5) 

9999-4403 

0.1933 

0.2989 

7.6250 

5.9406 

5.084b 

319 


Table  4.1-3.  Fill  Tensile  Averages  at  2000°F 


AVERAGE  VALUES 


■■■ 

1 

■ 

■ 

■ 

NARC  HRPF  (RSRM) 

BBB-4  (194049) 

3 

1.4604 

0.1642 

0.1631 

0 002 4 * 

3995* 

BBB-4 

2 

1.4561 

0.1654 

0.1642 

0.0030 

4353 

BBB-4(6) 

2 

1.4576 

0.1661 

MSEm 

1.59 

0.0020 

3133 

B8B-6 

5 

1.4688 

0.1645 

mbsm 

1.77 

0 0016 

2777 

NARCHRPF  (QUAL) 

BBB-5 

5 

1.4705 

0.1692 

0.1678 

1.80 

0.0039 

4971 

NARC  HRPF  (DS) 

9999-4403 

2 

1.4486 

0.1649 

0.1632 

2.15 

0.0013 

2345 

BILLET 

STANDARD  DEVIATIONS 

NARCHRPF  (RSRM) 

4581-0004 

0.0002 

0.0007 

0.0004 

0.0000 

0.0000 

0 

BBB-4 

0.0009 

0.0019 

0.0006 

0.3606 

0.0006 

67 

BBB-4(6) 

0.0008 

0.0001 

0 0000 

0.1838 

00004 

272 

BBB-6 

0.0026 

0.0006 

0.0006 

0.2457 

0.0002 

457 

NARC  HRPF  (QUAL) 

BBB-5 

0.0011 

0.01X16 

0.0006 

0.0976 

0.0005 

452 

NARC  HRPF  (DS) 

9999-4403 

0.0074 

00990 

0.0004 

644 

BILLET 

COEFFICIENT  OF  VARIATION 

s 

NARC  HRPF  (RSRM) 

0.0137 

mm 

0.0000 

0.0000 

0.1XXX) 

O.UCilH 

wttM 

22.1908 

30  0000 

1.5392 

0.0549 

0.0602 

O.(XXX) 

11.5597 

2U.0UUU 

8b818 

0.1770 

0 3647 

0.3670 

13.8814 

12.50IK) 

lo.456o 

NARC  HRPF  (QUAL) 

BBB-5 

0 0748 

0 3546 

mm 

5.4283 

12.8205 

9.0927  j 

NARC  HRPF  (DS) 

9999-4403 

05108 

27.4t.27  j 

* Singular  OaU 


320 


5000 


321 


2.5 


Table  4.2-1.  Across-Ply  Tensile  Averages  at  70°F 


AVERAGE  VALUES 


PHASE/ BILLET 

NUMBER 
OF  SAMPLES 

DENSITY 

fom/cro*) 

BREAK 
VELOCITY 
On/mcc) 

PEAK 

VELOCITY 

Hn/uscc) 

INT.  ELASTIC 
MODULUS 
IMsil 

ULTIMATE 

STRAIN 

fin/int 

ULTIMATE 

STRESS 

NARC  HRPF  (RSRM) 
4581-0004 
BBB-4 

31 

1 

1.4597 

1.4598 

1 

0.1517 

0.1506 

2.26 

2.40 

■ 

— 

NARC  HRPF  (DEV) 

23HRPF-1A 

2 

1.4905 

0.1555 

147 

— 

0.0012 

2910 

NARC  HRPF  (QUAL) 
BBB-5 

2 

1.4749 

0.1550 

0.1544 

2.41 

0.0012 

— 

NARC  HRPF  (D5) 

9999-4403 

4 

1.44% 

0.1502 

0.1485 

2.39 

0.0016 

wm 

STANDARD  DEVIATIONS 


NARC  HRPF  (RSRM) 

4581-0004 

BBB-4 

0.0083 

0.0000 

0.0012 

0.0000 

0.0015 

0.0000 

— in  i iv/I3J 

0.1021 

0.0000 

0.0002 

0.0000 

332 

0 

NARC  HRPF  (DEV) 

23HRPF-1 A 

0.0037 

0.0001 

0.0000 

0.0071 

0.0001 

170 

NARC  HRPF  (QUAL) 

BBB-5 

0.0008 

0.0001 

0.0001 

01485 

0.0001 

15 

NARC  HRPF  (D5) 

9999-4403 

0.0004 

0.0002 

0.0002 

0.0645 

0.0001 

59 

NARC  HRPF  (RSRM) 

4581-0004 

BBB-4 

0.5686 

0.0000 

0.7848 

0.0000 

0.9888 

O.tXHW 

v a m a®  k 

mmm 

NARC  HRPF  (DEV) 

23HRPF-1 A 

0.2482 

00643 

0.0000 

0.2880 

8.3333 

58419  j 

NARC  HRPF  (QUAL) 

BBB-5 

0.0542 

0.0645 

00648 

6.1746 

8.3333 

04978 

NARC  HRPF  (D5) 

9999-4403 

0.0276 

0.1332 

0.1347 

1.6303 

■ 1 I 

r>ooo 


323 


Shear 


Table  4.3-1.  Double  Notch  Shear  Averages  at  70°F 


AVERAGE  VALUES 


1 PHASE /BILLET 


NARC  HRPF  (RSRM) 
BBB-4 
BBB-4(6) 
BBB-S 
BBB-6 
Throat  Rin 


NARC  HRPF  (D5) 

9999-4403 


NUMBER 
OF  SAMPLES 


BREAK  PEAK 

DENSITY  VELOCITY  VELOCITY 


iimM 


45 

45 

46 


1.4639 

1.4577 


0.1512 

0.1489 

0.1487 

0.1419 

ULTIMATE 

STRESS 


BILLET 


NARC  HRPF  (RSRM) 

BBB-4 

BBB-4(6) 

BBB-5 

BBB-6 

Throat  Ring 

0.00028 

0.00141 

0.00285 

0.00586 

0.00580 

0.00035 

0.00028 

0.00099 

0.00077 

0.00071 

NARC  HRPF  (D5) 

9999-4403 

0.01500 

0.00010 

STANDARD  DEVIATIONS 


0.00057 

0.00028 

0.00251 

0.00193 

0.00071 


0.00087 


BILLET 


COEFFICIENT  OF  VARIATIONS 


NARC  HRPF  (RSRM) 


0.3785 

0.1851 

1.7052 

1.3129 

0.4768 


3.9307 

15.7226 

8.4094 

5.4025 

4.4974 
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F'8Ure  51,1  W‘,r»1  Tensi,e  U,liraale  S,re"8»h  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Figure  5. 1.1-2.  Warp  Tensile  Ultimate  Strain  Comparison  of  NARC  MRPF  to  Historical  MX4926  Materials 


Table  5. 1.2-1.  Fill  Tensile  Comparisons  of  NAKC  HRPF  to  Historical  MX4926  Materials 
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l iguie  5. 1.2-1.  Jill  | ensile  Ullim.ile  Strength  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Figure  5. 1.2-2.  Fill  Tensile  Ultimate  Strain  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 


Table  5.1. 3-1.  Across-Ply  Tensile  Comparisons  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Figure  5. 1.3-1.  Across-Ply  Tensile  Ultimate  Strength  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Iigure  5. 1.3-2.  Across-Ply  Tensile  Ultimate  Strain  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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I igure  5.1. 3-3.  At  ross-Ply  Tensile  Initial  Elastic  Modulus  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Crimp  Angle  (degrees) 

Figure  5.2- 1 . Load  per  Yarn  versus  Crimp  Angle 
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Figure  5.3. 1-1.  Warp  Compression  Ultimate  Strength  Comparison  of  NARC  IIRPF  to  Historical  MX4926  Materials 
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Figure  5.3. 1-2.  Warp  Compression  Ultimate  Strain  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 


341 


5.3. 1-3.  Warp  Compression  Initial  Klastic  Modulus  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 


Table  5.3.2-1.  Fill  Compression  Comparison  of  NARC  IIRPF  lo  Historical  MX4926  Materials 
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Figure  5. 3. 2-1.  1-ill  Compression  Ultimate  Strength  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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f igure  5.3  2-2.  I-ill  Compression  UMimale  Strain  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Figure  5.3  2-3.  Fill  Compression  Initial  Plastic  Moilulus  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Figure  5. 3. 3-1.  Across-Ply  Compression  Ultimate  Strength  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 


d d o d o d o"  o d od 

(ui/ui)  Nivyis  Hivwinn 


348 


Figure  5.3  3-2.  Across-Ply  Compression  Ultimate  Strain  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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figure  5. 3. 3-3.  Across-Ply  Compression  Initial  Plastic  Modulus  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Figure  5. 3.4-1.  45  WF  Compression  Ullimate  Strength  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 


(ui/ui)  Nivais  sxvwinn 


352 


,gUre  5 3 4 2 45-WI'  Compression  Ultimate  Strain  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Figure  5. 3. 4-2.  45-WF  Compression  Ultimate  Strain  Comparison  of  NARC  HRPF  to  1 1 


Table  5.4.1-1.  Double  Notch  Shear  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Figure  5.4. 1-1.  DNS  Ultimate  Stress  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Figure  5.4.2- 1 . Across-Ply  Torsional  Ultimate  Stress  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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l igure  5.4. 2-3.  At  ross-Ply  Torbiun.il  Modulus  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 


Figure  5.5-2.  Fill  Thermal  Conductivity  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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Figure  5.6-1.  Warp  Thermal  Expansion  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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pension  Comparison  of  NARC  HRPF  (o  Hislorical  MX4926 


Figure  5.6-3.  Fill  Thermal  Expansion  Comparison  of  NARC  HRPF  to  Historical  MX4926  Materials 
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1.0 


INTRODUCTION 


This  is  the  final  report  to  Thiokol  Corporation  on  the  work  performed  at  SRI 
under  P.O.  Number  ORK008.  This  is  Volume  III  (Characterization  Effort)  of  the  NARC 
material  evaluation  series  which  covers  the  HRHU  characterization  testing. 

1.1  Objective 

The  purpose  of  this  effort  was  to:  1)  perform  characterization  testing  on  NARC 
HRHU  to  provide  thermal  structural  data  for  design  and  analysis,  2)  compare  NARC 
HRHU  of  the  Characterization  effort  to  NARC  HRHU  of  the  Qualification, 
Development,  and  D5  Efforts  as  well  as  historical  AVTEX  materials. 

1.2  Material  Description 

The  material  evaluated  for  this  volume  of  the  Characterization  Effort  was 
FM5055  (HRHU).  The  material  contains  NARC  Rayon  yams  woven  by  Highland  using 
a Rapier  Loom.  The  rayon  cloth  was  carbonized  by  Hitco  and  the  carbonized  cloth  was 
prepregged  by  U.S.  Polymeric.  The  prepregs  were  laid  up  and  cured  at  Thiokol 
Corporation.  The  code  used  in  this  study  for  the  material  process  is  shown  in  Figure 
1.2-1. 

1.3  Test  Matrix 

The  test  matrix  for  this  effort  is  shown  in  Table  1.3-1.  All  mechanical 
specimens  designated  to  be  tested  in  the  temperature  range  of  250  to  1200°F  were 
conditioned  at  105°F/40%  RH  for  approximately  three  months  (i.e.,  until  their  weights 
stabilized).  The  data  obtained  from  the  Development  and  Qualification  Efforts  as  well 
as  the  D5  program  were  included  with  the  results  obtained  from  the  Characterization 
Effort  to  provide  a larger  statistical  database. 

It  was  found  that  two  billets  were  misidentified.  Under  Task  4,  billet  AAA-1, 
(HRHU)  should  have  been  labeled  as  Task  3,  billet  AAA-3  (HRHU).  Likewise,  Task  3, 
billet  AAA-3  (HRHU)  should  have  been  labeled  as  Task  4,  billet  AAA-1  (HRHU). 
Fortunately,  the  mistake  was  discovered  before  a majority  of  the  specimens  had  been 
tested. 


1.4  Specimen  Preparation 


An  important  part  of  the  specimen  preparation  is  individual  specimen 
identification.  Each  specimen  is  assigned  a unique  designation.  Each  specimen  is  then 
stored  in  an  appropriately  marked  envelope  as  soon  as  it  is  removed  from  the  bulk  part. 
The  envelope  is  labeled  with  the  project  number,  specimen  number,  material  type  and 
specimen  location.  By  maintaining  strict  label  requirements,  the  history  of  each 
individual  specimen  can  then  be  tracked  through  logbooks  and  through  comments  and 
signatures  written  on  the  envelope. 

The  specimen  identification  system  to  be  employed  in  this  investigation  is  as 

follows: 


RS  - F - 1 


Specimen  Number 

Orientation  - Typical  Evaluations 
F - Fill 

A/P  - Across-Ply 

Type  of  Evaluation 

MIC  - Microscopy 

TN  - Tension 

CM  - Compression 

RTG  - Restrained  Thermal  Growth 

CTE  - Thermal  Expansion 

CRA  - Comparative  Rod  Apparatus 

TGA  - Thermal  Gravimetric  Analysis 

MD  - Moisture  Diffusion 

RC  - Resin  Content 

VOL  - Volatile  Content 

DNS  - Double  Notched  Shear 

RS  - Roumanian  Shear 


1.5  Cutting  Plans 

The  NARC  based  carbon  phenolic  materials  used  in  the  Characterization  effort 
were  made  in  16"  x 15"  x 3.5"  billets.  For  each  material,  four  billets  and  a quarter  zone  of 
an  SRM  throat  ring  were  fabricated.  The  billets  for  HRHU  were  identified  as  AAA-1, 
AAA-2,  AAA-3,  and  4582-0003.  The  specimen  blanks  were  removed  from  the  billets 
and  throat  ring  as  illustrated  in  Figures  1.5-1  through  1.5-5. 
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2.0 


TEST  PROCEDURES 


The  procedures  for  the  Characterization  Effort  tests  are  provided  in  the  report 
entitled  "Carbon  Phenolic  Test  Procedures  for  NARC  Materials",  report  number  SRI- 
MME-90-1 157-7033,  of  this  series.  Specimen  drawings  are  also  included  in  this  volume. 

3.0  EXPERIMENTAL  RESULTS 

3.1  Nondestructive  Analysis 

3.1.1  Density 

The  dimensions  and  weights  were  determined  on  the  fully  machined  blanks  in 
order  to  obtain  bulk  densities.  The  mechanical  evaluation  tables  include  individual 
densities  for  each  specimen  as  well  as  the  average  density. 

3.1.2  Velocity 

The  break  and  peak  velocities  were  determined  on  the  fully  machined  blanks 
in  the  test  orientation.  These  velocities  are  listed  in  the  appropriate  mechanical  tables. 

3.1.3  Radiographs 

Radiographs  were  performed  for  all  mechanical  specimens.  The  radiographs 
showed  straight  and  uniformly  spaced  yams,  no  density  bands,  and  no  cracking  or 
debonding. 

3.2  Microscopy 

3.2.1  Microscopic  Analysis 

The  material  was  microscopically  investigated  using  a Nikon  Epiphot  stereo 
microscope.  Samples  from  each  billet  were  impregnated  and  polished  for  the  fill  across- 
ply  and  warp  across-ply  orientations. 
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The  micrographs,  shown  in  Figures  3.2.1-1  through  3.2.1-12,  show  very  little 
evidence  of  matrix  or  yam  cracking  and  no  pores,  non-uniform  ply  spacing,  or  resin 
rich  zones.  There  is  a noticeable  difference  between  the  warp  across-ply  and  fill  across- 
ply  orientations.  The  fill  yams  have  large  amplitudes  and  crimp  angles  while  the  warp 
yams  have  low  amplitudes  and  crimp  angles  (straighter  yams).  This  is  consistent  with 
the  results  from  the  Qualification  Effort  in  which  the  materials  carbonized  by  Hitco 
exhibited  this  same  pattern.  This  is  typical  of  historical  experience  on  this  material.  The 
microscopic  evaluations  are  tabulated  in  Table  3.2.1-1  for  the  fill  across-ply  and  warp 
across-ply  orientations. 
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3.3 


Tension  (Warp,  Fill,  and  Across-Ply) 


3.3.1  Warp  Tension 

Warp  tension  evaluations  were  conducted  at  70,  250,  750,  and  2000  F. 
Specimens  were  loaded  at  a rate  of  10  ksi/min.  All  temperature  runs  were  made  at 
10°F/sec.  Tables  3.3.1-1  through  3.3.1-4  show  the  individual  results  from  the 
Characterization  Effort.  These  tables  also  show  the  individual  results  from  the 
Development,  Qualification,  and  D5  Efforts  where  applicable.  The  data  from  aU  of  the 
phases,  unless  noted  in  the  tables,  was  used  to  obtain  the  averages.  Figures  3.3. 1-1 
through  3.3.1-7  display  the  warp  tensile  stress-strain  responses.  Note  that  these  figures 
also  contain  the  data  from  the  previous  efforts. 

Figures  3.3.1-1  through  3.3.1-3  show  the  average  ultimate  strength,  ultimate 
strain,  and  initial  elastic  modulus,  respectively,  at  the  various  test  temperatures.  The 
individual  stress-strain  responses  are  shown  in  Figures  3.3.1-4  through  3.3.1-7.  These 
evaluations  show  good  groupings  at  all  temperatures. 

3.3.2  Fill  Tension 

Fill  tensile  evaluations  were  conducted  at  RT,  250,  350,  500,  600,  750,  900, 

1200,  2000,  2500,  3500,  and  4500°F.  Specimens  were  loaded  at  a rate  of  10  ksi/min  and 
all  temperature  runs  were  made  at  10°F/sec.  The  results  are  tabulated  in  Tables  3.3.2-1 
through  3.3.2-12  and  plotted  in  Figures  3.3.2-1  through  3.3.2-15.  The  data  from  the 
previous  efforts,  where  available,  is  also  included  in  these  tables  and  figures.  Figure 

3.3.2- 16  gives  the  key  to  the  failure  modes  found  in  the  tables. 

The  average  ultimate  strengths,  ultimate  strains,  and  initial  elastic  moduli  for 
the  various  test  temperatures  are  plotted  in  Figures  3.3.2-1  through  3. 3. 2-3.  Figures 

3.3.2- 4  through  3.3.2-15  show  the  individual  stress-strain  responses.  These  evaluations 
show  some  scatter  at  the  intermediate  temperatures  from  350  to  900  F. 


3.3.3  Across-Ply  Tension 


The  across-ply  tensile  evaluations  were  conducted  at  RT,  350,  400,  500,  600, 
750,  900, 1200,  2000,  2500,  3500,  and  4500°F.  The  across-ply  specimens  were  loaded  at  a 
rate  of  1 k si/ min  and,  where  applicable,  heated  at  l°F/sec.  The  heating  and  load  rate 
were  chosen  to  reduce  internal  pressures  generated  during  heatup  and  to  compare 
against  historical  data.  The  results  are  tabulated  in  Tables  3.3.3-1  through  3.3.3-12  and 
plotted  in  Figures  3.3.3-1  through  3.3.3-15.  The  data  from  the  previous  efforts  are 
included  where  available. 

Figures  3.3.3-1  through  3.3.3-3  show  the  average  ultimate  strengths,  ultimate 
strains,  and  initial  elastic  moduli  for  the  across-ply  tensile  evaluations  at  the  various  test 
temperatures.  The  individual  evaluations  are  shown  in  Figures  3.3.3~4  through  3.3.3-15, 
These  evaluations  show  good  groupings  with  some  scatter  in  the  data  at  350  and  500°F. 

3.4  Compression  (Warp,  Fill,  Across-Ply  and  45°  W/F) 

3.4.1  Warp  Compression 

The  warp  compression  evaluations  were  conducted  at  RT,  500,  1200,  3500,  and 
4500°F.  The  warp  compression  specimens  were  loaded  at  a rate  of  10  ksi/min  and  all 
temperature  runs  were  made  at  10°F/sec.  The  results  are  tabulated  in  Tables  3.4.1-1 
through  3.4. 1-5  and  plotted  in  Figures  3.4. 1-1  through  3.4.1-8.  The  key  to  the  failure 
modes  shown  in  the  tables  is  given  in  Figure  3.4. 1-9. 

Figures  3.4.1-1  through  3.4.1-3  show  the  average  ultimate  strengths,  ultimate 
strains,  and  initial  elastic  moduli  at  the  various  test  temperatures  for  the  warp 
compression  evaluations.  The  individual  evaluations  are  shown  in  Figures  3.4.1-4 
through  3.4.1-8.  These  evaluations  show  good  reproduction  with  some  scatter  at  3500 
and  4500°F.  In  addition  to  stress-strain  measurements,  Poisson's  ratio  was  measured  in 
the  warp-fill  and  warp-A/P  planes  at  room  temperature  using  adhesive  strain  gauges. 
Average  values  of  0.22  for  v12  and  0.305  for  v13  were  recorded. 


3.4.2 


Fill  Compression 


Fill  compression  evaluations  were  conducted  at  RT,  350,  400,  750,  900, 1200, 
2000,  3500,  and  4500°F.  The  fill  compression  evaluations  were  loaded  at  a rate  of  10 
ksi/min  and,  where  applicable,  heated  at  10°F/sec.  The  results  are  tabulated  in  Tables 
3.4.2-1  through  3.4.2-9  and  plotted  in  Figures  3.4.2-1  through  3.4.2-12. 

Figures  3.4.2-1  through  3.4.2-3  show  the  average  values  for  ultimate  strength, 
ultimate  strain,  and  initial  elastic  modulus  at  the  various  test  temperatures  for  the  fill 
compression  evaluations.  The  individual  data  are  plotted  in  Figures  3.4.2-4  through 
3 4 2-12.  These  evaluations  show  good  reproduction  with  some  scatter  at  2000,  3500, 
and  4500°F.  In  addition  to  the  stress-strain  measurements,  Poisson's  ratio  was  obtained 
in  the  fill-warp  and  fill-A/P  planes  at  room  temperature.  An  average  value  of  0.21  for 
v2j  and  0.315  for  v2j  were  recorded. 

3.4.3  Across-ply  Compression 


The  across-ply  evaluations  were  conducted  at  RT,  250,  350,  400,  500,  750,  900, 
1200,  2000,  3500,  and  4500°  F.  The  across-ply  specimens  were  loaded  at  10  ksi/ min  and, 
where  applicable,  heated  at  l°F/sec.  The  results  are  tabulated  in  Tables  3.4.3-1  through 
3.5.3-11  and  plotted  in  Figures  3.4.3-1  through  3.4.3-14. 

The  average  ultimate  strengths,  ultimate  strains,  and  initial  elastic  moduli  at 
the  various  test  temperatures  for  the  across-ply  compression  evaluations  are  plotted  in 
Figures  3.4.3-1  through  3.4.3-3.  Figures  3.4.3-2  through  3.4.3-12  show  the  individual 
stress-strain  curves.  These  figures  show  good  reproduction  with  some  scatter  at  2000, 
3500  and  4500°F.  The  data  at  350  and  400°F  contains  both  moisture  conditioned  and 
dried  specimens.  The  moisture  conditioned  specimens  were  conditioned  at  95°F  and 
95%  relative  humidity.  The  dried  condition  was  obtained  using  a sequential  cycle 
starting  with  14  days  of  desiccation.  This  was  followed  by  heating  the  material  to  100  F 
for  4 hours,  140°F  for  4 hours,  and  220°F  for  4 days  at  0.1  torr  (1.93  x 10*3  psi).  The 
moisturized  specimens  exhibited  slightly  lower  ultimate  strengths  than  the  dried  and 
as-received  specimens  at  both  temperatures.  The  dried  specimens  exhibited  stiffer 
initial  elastic  moduli.  In  the  range  from  750  to  1200°F  the  material  exhibited  a non- 
linear stiffening  response  to  initial  loading.  As  a result,  the  modulus  was  reported  as 
two  values.  The  first  value  indicates  the  initial  secant  modulus  prior  to  the  knee  in  the 
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curve  where  the  material  was  softened  by  the  resin  state  past  glass  transition  or  trapped 
pyrolysis  gases.  The  second  value  indicates  the  stiffness  of  the  material  after  the  knee 
in  the  curve  (after  the  relieved  state  of  the  material).  In  addition  to  the  stress-strain 
measurements,  Poisson's  ratio  was  obtained  in  the  A/P-warp  and  A/P-fill  planes  at 
room  temperature.  The  average  value  was  0.25  for  both  and  v^2- 

3.4.4  45°  Warp/Fill  Compression 

Bias  compression  tests  were  conducted  at  RT,  350,  500,  600,  750, 1200,  2000, 
3500,  and  4500°F.  The  specimens  were  loaded  at  a rate  of  10  k si/ min  and,  where 
applicable,  heated  at  10°F/ sec.  The  results  are  summarized  Tables  3.4.4-1  through 
3.4.4-9  and  plotted  in  Figures  3.4.4-1  through  3.4.4-12. 

Although  bias  compression  is  not  a true  material  property,  the  bias 
compression  results  are  reported.  Figures  3.4.4-1  through  3.4.4-3  show  the  average 
ultimate  strengths,  ultimate  strains,  and  initial  elastic  moduli  at  the  various  test 
temperatures  for  the  bias  compression  evaluations.  Figures  3.4.4-4  through  3.4.4-12 
show  the  individual  stress-strain  curves.  These  figures  show  good  grouping  with  some 
scatter  at  3500°  F. 

With  the  biased  initial  elastic  modulus  (E45)  and  the  initial  moduli  from  warp 
compression  and  fill  compression  (E|  and  Ej)  and  the  average  Poisson's  ratio  of  v21  = 
0.21,  the  inplane  shear  modulus  (G21,  compression)  was  obtained  from  the  following 
equation  : 


1 - 2v 


21 


E 


2 


Using  the  corresponding  average  temperature  values  of  the  given  variables  in 
the  above  equation  yielded  inplane  shear  moduli  (compression)  of  G21  = 0.85  Msi  at  RT, 
0.74  Msi  at  350°F,  0.090  Msi  at  500°F,  0.13  Msi  at  750°F,  0.20  Msi  at  1200°F,  0.53  at 
2000°F,  0.29  at  3500°F,  and  0.11  at  4500°F. 
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3.5 


Interlaminar  Shear 


3.5.1  Double-Notch  Shear 

Double  notch  shear  (DNS)  tests  were  conducted  at  RT,  250,  350,  500,  750,  900, 
1200,  2000,  and  2500°F.  The  tests  were  conducted  with  a loading  rate  of  1 ksi/ min  and, 
when  applicable,  a heating  rate  of  1°F/ sec.  The  nature  of  the  test  allows  only  for  the 
determination  of  ultimate  stress  data.  The  results  are  tabulated  in  Tables  3.5. 1-1 
through  3.5. 1-9  and  plotted  in  Figures  3.5.1-1  and  3.5.1-2.  The  key  to  the  failure  modes 
is  given  in  Figure  3. 5. 1-3. 

Figure  3.5.1-1  shows  the  average  ultimate  strength  of  NARC  HRHU  at  the 
various  test  temperatures.  The  individual  evaluations  are  plotted  in  Figure  3. 5. 1-2. 

3.5.2  Warp  Iosipescu  Shear  (Roumanian  Shear) 

Warp  Iosipescu  shear  (Roumanian  shear)  evaluations  were  conducted  at  RT 
and  1200°F.  These  tests  were  conducted  at  a load  rate  of  10  ksi/ min  and  the  1200°F 
specimens  were  heated  at  a rate  of  l°F/sec.  The  results  are  summarized  in  Tables  3.5.2- 
1 and  3.5. 2-2  and  plotted  in  Figure  3.5.2-1. 

The  individual  evaluations  are  plotted  in  Figure  3.5.2-1.  There  was  some 
scatter  at  70°F  but  a 1200°F  the  data  were  very  tightly  grouped.  Figure  3.5.22-2  shows 
the  key  to  the  failure  notations  in  the  tables. 

3.5.3  Fill  Iosipescu  Shear  (Roumanian  Shear) 

The  fill  Iosipescu  shear  evaluations  were  conducted  at  RT,  500,  600,  750,  900, 
and  1200°F.  These  evaluations  were  loaded  at  a rate  of  10  ksi/ min  and,  where 
applicable,  heated  at  a rate  of  l°F/sec.  The  results  are  tabulated  in  Tables  3. 5. 3-1 
through  3.5.3-6  and  plotted  in  Figure  3. 5. 3-1.  The  plot  of  the  individual  data  shows 
tight  grouping  at  all  temperatures. 
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3.5.4  Across-Ply  Torsional  Shear 

The  across-ply  torsional  shear  evaluations  were  conducted  at  RT,  250,  350,  500, 
750, 1200,  2000,  2500,  3500,  and  4500°F.  These  evaluations  were  loaded  at  a rate  of 
1 ksi/ min  and,  where  applicable,  heated  at  a rate  of  1°F/  sec.  The  results  are  shown  in 
Figures  3.5.4-1  through  3.5.4-13  and  tabulated  in  Tables  3.5.4-1  through  3.5.4-10. 

The  average  ultimate  strengths,  ultimate  strains,  and  initial  elastic  moduli  at 
the  various  test  temperatures  for  the  across-ply  torsional  evaluations  are  plotted  in 
Figures  3.5.4-1  through  3.5.4-3.  The  individual  stress-strain  evaluations  are  shown  in 
Figures  3.5.4-4  through  3.5.4-12.  These  evaluations  show  good  reproduction  with  some 
scatter  at  350, 1200,  and  2000°F.  Note  that  the  D5  data  was  run  at  a load  rate  of  10 
ksi/min  and  heated  at  10°F/ sec. 

3.6  Restrained  Thermal  Growth  (Constant  Strain  Mode) 

Restrained  thermal  growth  evaluations  were  made  employing  a heating  rate  of 
10°F/sec.  Figure  3.6-1  shows  the  RTG  axial  stress  and  Figure  3.6-2  shows  the  RTG 
lateral  strain.  The  results  are  tabulated  in  Table  3.6-1.  Figure  3.6-3  gives  the  key  to  the 
failure  modes  shown  in  the  table. 

Figure  3.6-1  shows  the  axial  stress  of  the  wet  (95°F/95%  RH)  and  dry 
specimens  as  well  as  the  as-received  (105°F/40%)  specimens.  As  can  be  seen  from  the 
graph,  the  as-received  and  dried  specimens  displayed  a twin  peaked  stress  response 
that  is  typical  of  rayon-based  carbon  phenolic  composites.  The  wet  specimens, 
however,  displayed  a plateau  instead  of  decreasing  after  reaching  the  initial  peak.  The 
average  ultimate  stress  for  the  wet  specimens  was  13262  psi  at  765° F as  opposed  to 
13368  psi  at  911°F  for  the  as-received  and  11845  psi  at  817°F  for  the  dry. 

3.7  Specific  Heat/ Enthalpy 

Figure  3.7-1  shows  the  enthalpy  and  specific  heat  (slope  of  enthalpy)  of  NARC 
HRHU  from  RT  to  5000°F.  Adiabatic  and  ice  calorimeters  were  used  to  obtain  this  data. 
Table  3.7-1  contains  the  recommended  values  of  specific  heat. 
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3.8 


Thermal  Conductivity 


Thermal  conductivity  measurements  were  made  in  the  warp,  fill,  and  across- 
ply  directions.  The  thermal  conductivity  measurements  were  made  utilizing  the 
comparative  rod  and  radial  inflow  apparatuses.  Figures  3.8-1  through  3.8-12  show  the 
virgin,  2000°F  char,  3500°F  char,  and  transient  thermal  conductivity  curves  of  NARC 
HRHU  in  the  warp,  fill,  and  across-ply  orientations.  Tables  3.8-1  through  3.8-15  list  the 

recorded  data. 

3.9  Thermal  Expansion  (Warp,  Fill,  and  Across-Ply) 

The  thermal  expansion  of  NARC  HRHU  was  measured  in  the  warp,  fill,  and 
across-ply  directions.  The  quartz  dilatometer  was  used  for  tests  to  1500°F  and  the 
graphite  dilatometer  was  used  for  tests  up  to  5000°F.  Warp  and  fill  thermal  expansion 
tests  were  conducted  on  specimens  conditioned  at  105°F/ 40%  RH  (as-received).  In  the 
across-ply  direction,  tests  were  conducted  on  105°F/40%  RH,  wet,  and  dry  conditioned 
specimens.  All  specimens  were  heated  at  10°F/  sec. 

3.9.1  Warp  Thermal  Expansion 

Figure  3.9.1-1  shows  the  warp  unit  thermal  expansion  of  two  W diameter 
specimens  as  measured  in  the  quartz  dilatometer.  The  warp  specimens  initially 
expanded  until  reaching  400°F  where  they  began  shrinking  slowly  back  to  zero 
expansion.  Figure  3.9.1-2  shows  the  response  of  the  same  two  specimens  run  in  the 
graphite  dilatometer,  overlaid  with  the  quartz  data.  The  shrinkage  continues  to 
approximately  2400°F.  After  2400°F  the  thermal  expansion  began  increasing  and  was 
continuing  to  increase  when  the  test  was  terminated  at  5000°F.  Tables  3.9.1-1  through 
3.9.1-6  show  the  raw  recorded  data. 

3.9.2  Fill  Thermal  Expansion 

Figures  3.9.2-1  and  3.9.2-2  show  the  fill  thermal  expansion  results  after  testing 
in  the  quartz  and  graphite  dilatometers.  The  fill  specimens  exhibited  more  shrinkage 
between  400  and  2400°F  than  the  warp  oriented  specimens  did.  After  2500°F  the 
thermal  expansion  began  increasing  and  had  begun  to  level  off  when  the  test  was 
terminated.  The  recorded  data  are  tabulated  in  Tables  3. 9.2-1  through  3. 9. 2-4. 


11 


3.9.3  Across-Ply  Thermal  Expansion 


Figures  3.9.3-1  and  3.9.3-2  show  the  across-ply  thermal  expansion  results 
obtained  after  testing  in  the  quartz  and  graphite  dilatometers.  Figures  3.9.3-3  and  3.9.3- 
4 show  the  results  of  the  wet  and  dry  specimens,  respectively,  as  measured  in  the 
quartz  dilatometer.  All  specimens  exhibited  an  initial  peak,  understandably  due  to 
water  and  volatiles.  The  second  peak  (due  to  expanding  pyrolysis  gases)  of  the  as- 
received  specimens  was  approximately  58  x 10*3  in./ in.  while  the  wet  specimens 
peaked  at  approximately  75  x 10'^  in./ in.  and  the  dry  specimens  peaked  at  55  x 10"3 
in./in.  The  graphite  facility  data  obtained  shows  rapid  shrinkage  occurring  after  1000°F 
until  leveling  off  around  2500°F.  A dramatic  shrinkage  occurs  again  from 
approximately  3400°F  to  5000°F.  Tables  3.9.3-1  through  3.9.3-10  contain  the  recorded 
data. 

3.10  Thermal  Response 

Figures  3.10-1  through  3.10-4  show  the  fill  and  across-ply  thermal  response 
from  the  one-dimensional  thermal  response  tests  at  fluxes  of  100  and  300  Btu/hr-ft^. 

The  hot,  mid,  and  cold  thermocouples  are  located  0.25,  0.50,  and  0.75  inches, 
respectively,  from  the  heated  surface.  The  fill  oriented  response  was  slightly  quicker  as 
the  ‘hot1  thermocouple  in  the  fill  specimens  reached  2000°F  after  only  38  seconds  (300 
flux)  while  the  across-ply  specimens  didn't  reach  2000°F  during  the  60  second  test. 
Tables  3.10-1  through  3.10-4  show  the  tabulated  data. 

3.11  Emissivity 

Figure  3.11-1  is  the  total  normal  emittance  curve  of  the  NARC  HRHU  material. 
The  average  value  increases  slightly  from  approximately  0.80  at  1550°F  to  0.85  at 
3350°F.  Table  3.11-1  contains  the  numerical  values  for  the  total  normal  emittance. 

3.12  Thermogravimetric  Analysis  (TGA) 

Duplicate  powdered  samples  were  run  in  a nitrogen  atmosphere  at  a heating 
rate  of  20°C/ min  (36°F/min)  to  a temperature  of  1000°C  (1832°F).  Pyrolysis  onset 
temperatures  were  obtained  by  linearly  extrapolating  the  steep  slope  and  initial  flay 
portions  of  the  runs.  The  temperature  at  the  intersection  of  these  two  lines  was  taken  as 


12 


the  onset  temperature  of  pyrolysis.  The  average  onset  temperature  of  pyrolysis 
occurred  at  854°F.  Weight  loss  attributed  to  primary  pyrolysis  averaged  about  12.7%. 
Figures  3.12-1  through  3.12-6  show  the  weight  loss  versus  temperature  responses,  while 
Table  3.12-1  summarizes  the  TGA  data. 

3.13  Maximum  Moisture  Content 

Table  3.13-1  shows  the  individual  and  mean  percentage  weight  gains  of  the 
test  specimens  placed  in  distilled  water  at  120°F.  Figure  3.13-1  is  a graphical 
representation  of  that  data.  Table  3.13-2  shows  the  individual  and  mean  percent  weight 
losses  of  the  test  specimens  dried  in  a vacuum  oven  at  230°F.  Figure  3.13-2  is  a 
graphical  representation  of  the  drying  data.  The  mean  maximum  moisture  content  of 
NARC  HRHU  was  8.90%. 

3.14  Volatile  Content 

Table  3.14-1  shows  the  individual  percent  weight  losses  of  the  three  as- 
received  test  specimens.  Figure  3.14-1  depicts  the  individual  percent  weight  loss  as  a 
function  of  time.  The  percent  volatile  content  for  AAA-1,  AAA-2,  and  AAA-3  was  3.97, 
3.99,  and  3.68,  respectively,  which  gives  a mean  value  of  3.88  for  NARC  HRHU. 

4.0  STATISTICAL  ANALYSIS 

A statistical  analysis  was  performed  on  the  fill  tension  data  at  70,  750,  and 
2000°F,  the  across-ply  tension  data  at  70°F,  and  the  double  notched  shear  data  at  70°F. 
The  objective  of  this  analysis  was  to  assess  the  variability  of  the  data  in  these  particular 
cases.  The  "Anderson-Darling"  test  for  normality  (as  per  Mil  Handbook  5E)  was  used  to 
determine  whether  the  curve  which  fits  the  data  can  be  approximated  by  a normal 
curve.  The  essence  of  the  test  is  a numerical  correlation  of  the  cumulative  distribution 
function  for  the  observed  data  with  that  for  a fitted  normal  curve  over  the  complete 
range  of  property  being  measured. 


4.1 


Fill  Tension 


The  fill  tensile  evaluations  at  70°F  were  given  in  Table  3.3.2-1.  The  mean  value 
was  17250  psi  with  a standard  deviation  of  1283  and  a coefficient  of  variation  of  7.44% . 
The  strength  distributions  are  plotted  in  Figure  4.1-1.  Table  4.1-1  gives  a statistical 
breakdown  by  program  phase  and  billet.  As  can  be  seen  from  this  table,  the  material 
measured  under  the  Qualification  Effort  gave  the  highest  average  ultimate  stress  while 
billet  4582-0003  tested  under  the  Characterization  Effort  gave  the  lowest.  The  calculated 
Anderson-Darling  (AD)  test  statistic  was  0.39.  The  calculated  critical  value  was  0.718. 
Since  the  AD  test  statistic  was  lower  than  the  critical  value,  a normal  distribution 
hypothesis  cannot  be  rejected. 

The  750°F  fill  tensile  strengths  were  shown  in  Table  3.3.2-6.  The  mean  value  of 
this  population  was  10406  psi  with  a standard  deviation  of  1480  psi  and  a coefficient  of 
variation  of  14.2%.  The  distribution  of  the  data  is  shown  in  Figure  4.1-1.  Table  4.1-2 
gives  the  distribution  of  data  by  programs  and  billets.  The  material  tested  under  the 
Characterization  Effort  gave  the  highest  average  ultimate  stress.  The  AD  test  statistic 
was  calculated  to  be  0.069  compared  to  a critical  value  of  0.723  which  again  indicates 
that  a normal  hypothesis  cannot  be  rejected. 

The  fill  tensile  evaluations  at  2000°F  were  shown  in  Table  3.3.2-9.  Two 
specimens  were  rejected  from  the  statistical  analysis  due  to  improper  load  rates.  The 
mean  value  of  all  remaining  specimens  was  3142  psi  with  a standard  deviation  of  566 
psi  and  a coefficient  of  variation  of  18.0%.  The  strength  distributions  are  shown  in 
Figure  4.1-1.  The  distribution  of  data  by  billets  is  shown  in  Table  4.1-3.  Once  again,  the 
material  from  the  Qualification  Effort  had  the  highest  average  ultimate  stress.  The 
distribution  of  the  data  does  not  reject  a normal  hypothesis.  The  calculated  AD  test 
statistic  of  0.449  was  lower  than  the  critical  value  of  0.694. 


Presuming  a normal  distribution  and  calculating  allowables  ( x - Ks)  with  a 
90,  95,  and  99%  probability  and  a 95%  confidence,  the  following  values  were  obtained: 


90/95 

95/95 

99/95 

(psi) 

(psi) 

(Psi) 

70°  F Fill  Tension 

15017 

14457 

13391 

750°  Fill  Tension 

7875 

7237 

6022 

2000°F  Fill  Tension 

2063 

1799 

1294 

4.2  Across-Ply  Tension 

The  across-ply  tensile  strengths  at  70°F  were  given  in  Table  3.3.3-1.  The 
average  strength  of  the  specimens  was  3563  psi  with  a standard  deviation  of  303  psi  and 
a coefficient  of  variation  of  8.51%.  The  distribution  of  the  strengths  is  plotted  in  Figure 

4.2-1.  Table  4.2-1  shows  the  statistical  breakdown  by  billet.  The  material  tested  under 

the  Development  Effort  had  the  highest  average  ultimate  stress.  However,  note  that 
only  two  specimens  were  tested  under  this  effort.  The  calculated  AD  test  statistic  was 
0.072  compared  to  a critical  value  of  0.733,  thereby  indicating  that  the  data  does  not 
reject  a normal  distribution  hypothesis. 

The  across-ply  tensile  evaluations  at  2000"  F were  shown  in  Table  3.3.3-9.  The 
mean  value  of  tins  population  was  269  psi  with  a standard  deviation  of  66  psi  and  a 
coefficient  of  variation  of  24.6% . The  strength  distributions  are  shown  in  Figure  4.2-1. 
The  distribution  of  data  by  billets  is  shown  in  Table  4.2-1  The  distribution  of  the  data 
does  not  reject  a normal  hypothesis.  The  calculated  AD  test  statistic  was  0.480 
compared  to  a critical  value  of  0.723. 

The  across-ply  tensile  strength  allowables  were  calculated  assuming  normal 
distribution  to  be: 


90/95  95/95  99/95 

(psi)  (psi) (Psl)_ 


70°  F Across-ply  Tensile  Strength 
2000°F  Across-ply  Tensile  Strength 


3060 

150 


2932 

121 


2689 

64 


4.3 


Double  Notched  Shear 


The  interlaminar  shear  strengths  at  70°F  were  given  in  Table  3.5. 1-1.  The 
average  value  of  the  population  was  4093  psi  with  a standard  deviation  of  615  psi  and  a 
coefficient  of  variation  of  15.0%.  All  billets  gave  statistically  similar  results  with  the 
exception  of  billet  AAA-2.  This  was  due  to  one  specimen  which  had  an  unexplainable 
low  ultimate  stress  of  1800  psi.  Despite  this  data  point,  the  distribution  of  the  data, 
shown  in  Figure  4.3-1,  does  not  reject  a normal  hypothesis.  The  AD  test  statistic  was 
found  to  be  0.253  compared  to  a critical  value  of  0.707.  Table  4.3-1  shows  the  statistical 
breakdown  by  billet 

The  double  notched  shear  strength  allowable  values  were  calculated  assuming 
normal  distribution  to  be: 


90/95  95/95  99/95 

(psi) (E sj) (psi) 

70°F  DNS  Shear  Strength  2979  2702  2175 

5.0  HISTORICAL  COMPARISONS 

This  section  will  compare  selected  mechanical  properties  of  the 
Characterization  effort  NARC  HRHU  to  historical  NARC  and  AVTEX  FM5055 
materials.  References  throughout  this  section  to  NARC  HRHU  will  always  be  referring 
to  the  material  tested  under  the  Characterization  effort. 

5.1  Tension  (Warp,  Fill,  and  Across- Ply) 

5.1.1  Warp  Tension 

The  warp  tensile  results  are  graphically  compared  to  previous  NARC  and 
AVTEX  materials  in  Figures  5.1. 1-1  through  5.1. 1-3  and  tabulated  in  Table  5.1. 1-1.  The 
figures  show  the  warp  tensile  properties  for  the  N'ARC  HRHU  to  be  in-family  with  the 
available  historical  data. 
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5.1.2 


Fill  Tension 


The  Characterization  effort  comparisons  to  historical  NARC  and  AVTEX 
materials  are  shown  in  Figures  5.1.2-1  through  5.1.2-3  and  tabulated  in  Table  5.1.2-1. 
Again,  the  figures  reveal  the  fill  tensile  data  for  the  NARC  HRHU  to  be  in  very  good 
agreement  with  the  historical  data.  Figure  5.1.2-1  shows  the  ultimate  stress  for  the 
NARC  HRHU  to  be,  for  the  most  part,  higher  than  the  historical  data  up  to  1200°F. 

Above  1200° F,  however,  the  NARC  HRHU  ultimate  stress  is  slightly  lower  than  the 

available  historical  data. 

5.1.3  Across-ply  Tension 

The  across-ply  tensile  comparisons  are  shown  in  Figures  5.1.3-1  through  5.1.3- 
3 and  tabulated  in  Table  5.1.3-1.  Figure  5.1.3-1  shows  the  ultimate  stress  for  the 
Characterization  effort  NARC  HRHU  to  be  in  good  agreement  with  the  available 
historical  data.  The  ultimate  strain,  shown  in  Figure  5.1.3-2,  is  in-family  with  historical 
values  up  to  500°F.  Above  500°F,  the  strain  to  failure  appears  to  be  lower  than  the 
available  historical  data.  The  initial  modulus,  shown  in  Figure  5.1.3-3,  is  in-family  with 
the  previous  data.  The  modulus  exhibits  very  tight  grouping  with  the  limited  histoncal 

data  at  temperatures  above  500°F. 

5.2  Correlation  to  Crimp  Angle 

A relationship  between  the  yam  crimp  angle  and  the  maximum  load  per  yam 
is  displayed  in  Figure  5.2-1.  At  room  temperature  and  750°F  this  relationship  is 
expressed  by  a straight  line  showing  the  crimp  angle  to  be  inversely  proportional  to  the 
maximum  yam  load.  At  2500°F,  where  the  matrix  is  very  inelastic,  stress 
concentrations  at  the  bend  of  the  crimp  angle  are  reduced  due  to  the  lowered  matrix 
support  of  yams.  The  result  is  a reduced  effect  of  crimp  angle  at  elevated  temperatures. 

The  materials  fall  into  three  distinct  groupings  by  carbonizer;  Hitco  fill. 
Polycarbon,  and  Hitco  warp.  These  groupings  show  the  materials  carbonized  by  Hitco 
with  low  crimp  angles  (warp  tension)  have  the  highest  load  per  yam  at  failure  while  the 
materials  which  have  high  crimp  angles  (fill  tension)  yield  the  lowest  loads  per  yam  at 
failure.  The  materials  carbonized  by  Polycarbon,  with  nearly  balanced  crimp  angles. 
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yield  loads  per  yam  between  the  extremes  of  the  Hiteo  materials.  As  shown,  the  NARC 
HRHU  evaluated  under  this  effort  follows  the  trend. 

5.3  Compression  (Warp,  Fill,  Across-Ply,  and  45°  W/F) 

5.3.1  Warp  Compression 

Very  little  warp  compression  historical  data  exists.  Figures  5.3. 1-1  through 

5.3.1- 3  show  the  average  warp  compressive  ultimate  stress,  ultimate  strain,  and  initial 
elastic  modulus,  respectively,  of  the  NARC  HRHU  evaluated  under  this  effort  to  be  in 
good  agreement  with  the  available  historical  data.  These  results  are  tabulated  in  Table 

5.3.1- 1. 


5.3.2  Fill  Compression 

The  fill  compressive  comparisons  are  shown  graphically  in  Figures  5.3.2-1 
through  5.3.2-3  and  tabulated  in  Table  5.3.2-1.  Figures  5.3.2-1,  5.3.2-2,  and  5.3.2-3  show 
the  fill  compressive  ultimate  stress,  ultimate  strain,  and  initial  elastic  modulus, 
respectively,  to  be  in-family  with  the  available  historical  data. 

5.3.3  Across-ply  Compression 

The  across-ply  compressive  ultimate  stress  and  ultimate  strain  comparisons, 
shown  in  Figures  5.3.3-1  and  5.3.3-2,  show  the  NARC  HRHU  data  to  be  in-family  with 
the  limited  available  historical  data.  As  discussed  in  section  3.4.3,  the  across-ply 
compression  modulus  at  900  and  1200°F  was  reported  as  two  values.  This  range  is 
depicted  in  Figure  5.3.3-3  as  two  solid  circles  connected  by  a line.  The  data  are 
tabulated  in  Table  5.3.3-1. 

5.3.4  45°  W/F  Compression 

The  amount  of  bias  compression  historical  data  is  very  limited.  That  which  is 
available  is  graphically  compared  with  the  NARC  HRHU  in  Figures  5.3.4-1  through 
5.3.4-3  and  tabulated  in  Table  5.3.4-1.  The  bias  compressive  ultimate  stress  of  the 
NARC  HRHU  is  shown  to  be  comparable  to  the  AVPre  data  in  Figure  5.3.4-1.  The 
strain  to  failure,  however,  is  slightly  higher  for  the  NARC  HRHU  except  at  1200°F.  This 
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is  shown  in  Figure  5.3.4-2.  The  bias  compressive  elastic  modulus  is  comparable  at  all 
temperatures  except  500°F.  At  500°F,  the  modulus  for  the  NARC  HRHU  is  lower  than 
the  AVPre  HDHU  modulus. 

5.4  Interlaminar  Shear 

5.4.1  Double-Notch  Shear 

The  double-notch  shear  ultimate  stress  comparisons  are  shown  graphically  in 
Figure  5.4.1-1  and  tabulated  in  Table  5.4.M.  The  NARC  HRHU  exhibits  a DNS 
ultimate  stress  that  is  in  family  with  the  previous  historical  values. 


5,4.2  Across-Ply  Torsional  Shear 

The  across-ply  torsional  shear  properties  are  compared  to  historical  materials 
as  shown  in  Figures  5.4.2-1  through  5.42-3  and  tabulated  in  Table  5.4.2-1.  The  across- 
ply  torsional  ultimate  stress  of  the  NARC  HRHU,  shown  Figure  5.42-1,  exhibits  good 
correlation  with  the  historical  data.  The  ultimate  strain  comparison,  shown  in  Figure 
5.42-2,  reveals  a scatter  between  the  available  data  at  most  temperatures.  For  the  most 
part,  the  strain  to  failure  for  the  NARC  HRHU  falls  within  the  range  of  this  scatter. 
However,  at  4500° F,  the  strain  to  failure  for  the  NARC  HRHU  is  approximately  30% 
greater  than  the  only  available  historical  data  at  that  temperature.  The  across-ply 
torsional  modulus  for  NARC  HRHU  is  shown  in  Figure  5.42-3  to  be  lower  than  the 
historical  values  at  70  and  2000°F,  higher  at  4500°F,  and  in-family  at  350  and  1200° F. 

5.5  Thermal  Conductivity 


Figures  5. 5.-1  through  5.5. -5  compare  thermal  conductivities.  The  virgin  warp 
thermal  conductivity  of  NARC  HRHU  is  shown  in  Figure  5.5.-1  to  be  approximately 
38%  lower  than  the  available  AVPost  data  at  500° F.  Little  difference  exists  in  the  virgin 
fill  or  across-ply  thermal  conductivities,  with  the  NARC  being  slightly  lower  than  the 
Avtex  material  in  the  across-ply  orientation.  The  virgin  fill  and  across-ply  thermal 
conductivities  are  shown  in  Figures  5.5-2  and  5.5-3,  respectively.  High  temperature 
comparisons  show  the  fill  thermal  conductivity  of  the  NARC  HRHU  to  be  about  16% 
below  the  Avtex  data  at  4500° F (Figure  5.5-4)  while  the  across-ply  conductivity  is 
approximately  31%  lower  than  the  available  Avtex  data  (Figure  5.5-5). 
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5.6 


Thermal  Expansion 


Figures  5.6-1  through  5.6-5  show  warp,  fill,  and  across-ply  thermal  expansion 
comparisons  of  the  NARC  HRHU  to  historical  Avtex  and  NARC  data. 

The  warp  thermal  expansion  comparison  shown  in  Figure  5.6-1  shows  the 
NARC  HRHU  to  be  very  comparable  to  the  AVPost  material.  The  expansion  difference 
is  greatest  between  the  two  materials  from  approximately  2000  to  3000°F.  As  the 
temperature  increases,  however,  the  difference  between  the  expansion  values  of  the  two 
materials  continues  to  decrease.  At  4500°F  very  little  difference  exists  between  the 
expansion  values  of  the  two  materials. 

The  low  temperature  fill  thermal  expansion  comparison,  shown  in  Figure  5.6- 
2,  shows  the  expansion  of  the  NARC  HRHU  to  be  higher  than  that  of  the  Avtex 
material  up  to  600°  F.  From  600  to  approximately  1380°F,  the  expansion  of  the  two 
materials  is  very  comparable  with  the  Avtex  being  slightly  higher.  After  1400°F  the 
Avtex  material  has  a more  rapid  shrinkage  than  the  NARC  HRHU  and  is 
approximately  56%  lower  at  1800°F.  The  high  temperature  fill  thermal  expansion 
comparison  shown  in  Figure  5.6-3  reveals  the  NARC  HRHU  to  be  very  comparable  to 
all  historical  data  with  the  exception  of  the  NARC  HRHU  evaluated  under  the  D5 
program. 


The  low  temperature  across-ply  thermal  expansions  are  shown  in  Figure  5.6-4. 
The  NARC  HRHU  exhibits  higher  peaks  than  the  Avtex  material  but  has  a more  rapid 
shrinkage  after  1000°F  than  the  Avtex  material.  There  is  no  Avtex  data  with  which  to 
make  high  temperature  across-ply  thermal  expansion  comparisons.  Comparisons 
between  the  various  NARC  materials,  however,  show  the  NARC  HRHU  evaluated 
under  the  Characterization  effort  to  have  the  highest  peak  value  at  1000°F  and  the 
lowest  value  at  5000°F.  Figure  5.6-5  shows  this  comparison. 


6.0 


Conclusions 


A general  comparison  of  some  selected  properties  between  NARC  HRHU  s 
and  Avtex  materials  is  given  in  Table  6.0-1.  It  was  determined  that  the  NARC  HRHU  is 
equivalent  to  the  Avtex  materials.  The  NARC  material  had  mechanical  and  thermal 
properties  which  were  consistent  with  those  measured  on  current  materials.  Some 
slight  differences  exist  in  the  mechanical  data  but  overall  no  remarkable  vanations  were 

apparent  The  morphology  of  the  NARC  material  is  comparable  to  Avtex  Restart.  The 

generated  data  base  provides  RSRM  and  other  programs  a sufficient  baseline  for 
analysis  and  design. 
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Figure  1.2-1.  NARC  Rayon  Development  Material  Flow 
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Figure  1.5-1.  Culling  Plans  for  Billet  AAA- 1 


25 


Figure  1.5-2.  Culling  Nans  for  Hillet  AAA-2 


AAA- 
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ure  1.5-3.  Cutting  Plans  for  Billet  AAA-3 


Culling  Plans  for  NARC  HK11U  (450<!-0()03) 
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Figure  3.2.1  -1.  Warp  Across-Ply  Micrograph  of  AAA-1  at  25X 
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Figure  3.2.1-2.  Warp  Across-Ply  Micrograph  of  AAA-1  at  100X 


31 


Figure  3.2.1-3.  Fill  Across-Ply  Micrograph  of  AAA-1  at  25X 


32 


Figure  3.2. 1-4.  Fill  Across-Ply  Micrograph  of  AAA-1  at  100X 
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Figure  3. 2. 1-5.  Warp  Across-Ply  Micrograph  of  AAA-2  at  25X 
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gure  3.2. 1-7.  Fill  Across-Ply  Micrograph  of  AAA-2  at  25X 


Figure  3.2. 1-8.  Fill  Across-Ply  Micrograph  of  AAA-2  at  100X 
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Figure  3.2.1-9.  Warp  Across-Ply  Micrograph  of  AAA-3  at  25X 
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Figure  3.2. 1-10.  Warp  Across-Ply  Micrograph  of  AAA-3  at  100X 
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gure  3.2. 1-1 1.  Fill  Across-Ply  Micrograph  of  AAA-3  at  25X 


Figure  3.2.1-12.  Fill  Across-Ply  Micrograph  of  AAA-3  at  I00X 


</j 

3 

% 

s 

tU 

“3 

e 

0 > 


c 

o 

-a 

u 
r C 

u 

u 


■a 

c 

fa 


U 

k: 

< 

2 


U 

“5 


> 

•J 

1 

0 0144 
00147 
00150 
0 0134 
0 0139 
0 0134 
00134 
00141 
0 0154 

-immzmrnmmmmm. 

0 0144 
0 0147 
00150 
0 0135 
00141 
00134 
0 0134 
00111 
0.0149 

PLIES/IN. 

69 

68 

67 

74 

72 

74 

74 

71 

65 

\Q  'S  'O  t'**  C***  t1"*  f'*  '■C 

CRIMP  ANCLE 
|IJEGREESI* 

28  5/  2 90 
36  8 / 5 80 
39  2 / 4 90 
30.5  / 3 07 
30  9 / 3 03 
193/  1 39 
355/  206 
36  0/  3 43 
307  / 3.32 



6 2/1.70 
6.9/1.50 
6 3 / 0 40 
10  9/  1.76 
87/  1 50 
16  2/  1.72 
80/  1.00 
8 44  / 2.86 
7.00/  1 34 

H 

Oi 

Du 

00110 
00120 
0.0120 
00100 
0.0097 
0 0071 
00119 
00106 
00104 

3888SaSa§ 

obdoccocw 

HARNESS 

QoaocoaooooocoaOcO 

j 

aoaoaocoaoooaooooo 

1 

Z 

C 

u 

< 

u 

it 

5 

c 

FILL  A/P 
FILL  A/P 
FILL  A/P 
FILL  A/P 
FILL  A/ P 
FILL  A/P 
FILL  A/P 
FILL  A/P 
FILL  A/P 

WARP  A/P 
WARP  A/P 
WARP  A/P 
WARP  A/P 
WARP  A/P 
WARP  A/P 
WARP  A/P 
WARP  A/P 
WARP  A/P 

isi 

*2 

AVG  2010 
AVG  2013  9c 
PLATE 

AVG  -23HDHU  IB 
AVG.-23HRHU-1B 
AVC  23HRPU-1B 
AVG -23MRHU  R2 
AVG  4582  0002 
AVG -BILLET  1.2.3 

AVG  2010 
AVG.  2013  9c 
AVG  PLATE6 
AVG.-23MD1IU-1B 
AVG  -23HRHU  IB 
AVC.-23IIRPU  IB 
AVG.-23MRMU-R2 
AVC  4582-0M2 
AVC  -BILLET  1.2,3 

1 MATERIAL  T 

11/ 

A V POST  I1DHU 
AVPOST  IIDHU 
AVPREIIDHU(MDC) 
NARC  231 IDI1U  (DEV) 
NARC  23HRHU  (DEV) 
NARC  231 IRPU  (DEV) 
NARC  23MRHU  (DEV) 
NARC  MRHU(PK) 
NARC  IIRIIU  IRSRM) 

2 n^>>>. 

1 

1 00322^22^ 

1 ^2^52^22- 

1 BSlSSaajs 

1 

><<<<z< 
<zz2z  z 

41 


£ 

3 

A* 

« 

u 

& 

E 

§2 

£ 

o 

o 

Pi 

<5 

D 


U 

ci 

< 

2 


01 

c 

o 

"3 

_3 

> 

w 


in 

c 

u 

H 


* 

£ 


rn 

ro 

-£ 

-a 

(9 

H 


a s 

is 


9 3 7 3 3 3 

is  a J ?s  s s*  i 

« 0 ^ II  II  II 

*d  io**  u u u 

< « 2 < i i 

id  id  £ 10  U *0 

1 ?a3?  3' 

3 1 lb  3 3 3 

COOOOOl 


^ | 5 a a ^ | 


; * c 


SSSSSgS 

© — « -0  -r  © i*l 

Irt  ^ N N in 1 
*■  -n  <s  n (N  IN  IN 


444 


II 


a s s s 3 s &| 


« = _j 


lin 


*5  l 


i5?i 
> 


s0  sO  t>  fs  !7>  r>. 


— *■«  •-  >«  *•>  ("A  sO 

w - n n (v  n i»i 

0 0 0 0 0 0 0 

o © o e o o o 


o f».  >«  © «o  © o 

-r  i-r  *r  *r  rn  rs  ^ 

0 0 0 0 0 0 0 


Ir5I 


© © © © o o o 


m»  «e 

= i 


£3 

■s  2 


io  in  0 0 a 0 m 

© o © e © © ©i 


>0  SO  -U 


tJSZfl 

(N  jn  r*.r 


■ M KM 

m m la  j 


- N « « « A «l| 
< < < < < 0 
<<<<<<  <1 
<<<<<<  <1 


^ — n «rt  ts  — iaJ 

s.  c.  cl  cl.  £.  £,  _ 

3 3 K X a X K 

<<<<<<< 

5 2 5 2 5 2 5 

2 Z Z Z 2 Z 2! 

H i-  t-  t-  t-  t- 


:::ms 

3 3 3 3 3 3 3 

g jg,  a g g g g| 

5 2222  = 2 

3 3 3 3X33 

_ UUUU'jU 

3 3 3 3 3 3 3 
<<<<<<< 
z z z z z z z 


iiii 

3 3 3 


3 3 3 
3 3 3 
< < < 
5 5 5 
z z z 


2 2 2 
2 2 S| 

u c z 

3X3 
< < < 
Z Z z 


© 3 * 

s © 


z 

C 


42 


43 


44 


45 


30000 


46 


figure  3.3. 1-1.  Average  Warp  Tensile  Ultimate  Strength  of  NARC  HRHU 
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Figure  3.3. 1-3.  Average  Warp  Tensile  Initial  Elastic  Modulus  of  NARC  IIRHU 
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FiRure  3 3.1-4  Warp  Tensile  Evaluations  of  N ARC  IIRHU  at  Room  Temperature 


Figure  3.3. 1-5.  Warp  Tensile  Evaluations  of  NARC  IIRHU  at  250°F 
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Figure  3.3. 1-6.  Warp  Tensile  Evaluations  of  NARC  IIRHU  at  750  F 


Figure  3.3. 1-7.  Warp  Tensile  Evaluations  of  NARC  IIRIIU  at  2000°F 
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Table  3.3. 2-2.  Fill  Tensile  Evaluations  for  NARC  IIRIIU  at  250°F 
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Table  3. 3. 2-3.  Fill  Tensile  Evaluations  for  NARC  IIRHU  at  350°F 
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Table  3.3  2-6.  Till  Tensile  Evaluations  for  NARC  I1KI IU  at  750°F 
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3. 3. 2-1.  Average  Fill  Tensile  Ultimate  Strength  of  NARC  I IRHU 
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Figure  3.3.2-2.  Average  Fill  Tensile  Ultimate  Strain  of  NARC  HR! IU 
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Figure  3. 3. 2-4.  Fill  Tensile  Evaluations  of  NARC  IIRI1U  at  Room  Temperature 
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Figure  3. 3. 2-6.  Fill  Tensile  Evaluations  of  NARC  IIRHU  at  350°F 
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PROJECT  NUMBER « 7033- 
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Figure  3.3  2-8.  Fill  Tensile  Evaluations  of  NARC  IIRHU  at  600°F 
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Figure  3.3. 2-9.  Fill  Tensile  Evaluations  of  NARC  IIRHU  at  750°F 
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Figure  3.3.2-10.  Fill  Tensile  Evaluations  of  NARC  HR11U  at  900°F 
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Figure  3.3.2-11.  Fill  Tensile  Evaluations  of  NARC  11RHU  at  1200  F 
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gure  3.3.2-12.  Fill  Tensile  Evaluations  of  NARC  HRHU  at  2000°F 
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°-50  , uu  strain  mlis/iN) 

Figure  3.3.2-13.  Fill  Tensile  Evaluations  of  NARC  HRHU  at  2500  F 
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Figure  3.3.2-14.  Fill  Tensile  Evaluations  of  NARC  I1RHU  at  3500°F 
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Figure  3.3.2-16.  NARC  Fracture  Characterization 
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3. 3. 3-1.  Average  Across-Ply  Tensile  Ultimate  Strength  of  NARC  HRHU 
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Figure  3.3  3-3.  Average  Across-Ply  Tensile  Initial  Elastic  Modulus  of  NARC  HRHU 
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Figure  3.3  3-5.  Across-Ply  Tensile  Evalualions  of  NARC  I IR1 1U  at  350  F 
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Figure  3.3  3-6.  Across-Ply  Tensile  Evaluations  of  NARC  I IRHU  at  400°F 
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rigure  3.3  3-7.  Across-I’ly  Tensile  Evaluations  of  N ARC  I IRI IU  at  500°F 


PROJECT  NUMBER • 7033- 


3 

X 


USX)  SSddlS 


S3 


STRAIN  (MILS/ I N) 

Figure  3.3  3-8.  Across-Ply  Tensile  Evaluations  of  NARC  MRHU  at  600°F 


PROJECT  HUMBER* 7033- 


3322 
X X X X 

at  o;  <r  a: 

X X X X 


ISSSSSSSSSSSSSSSS, 

!££££££££££££££££! 

(iiiiiiliiissiixi! 


c\ju'>a»<N^onaj<Ntr>®  — 

■ J J ' 2 1 1 A * <L  l L 7 


o.a.a.o.Q.ii.a.a.Q-a-a.^^^^a.^1 


. i . . i i i i i i i i i < ■ > i 

<<<<<<<<<<<<<<<■<5 

<<<<<<<<<<<<<<<<< 

<<<<<<<<<<<<<<<<< 


STRAIN  (M1LS/IN) 

Figure  3.33-9.  Across-Ply  Tensile  F.valuations  of  NARC  i IRI1U  at  750°!' 
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Figure  3.3.3-10.  Across-Ply  Tensile  Evaluations  of  NARC  IIRMU  af  900°F 
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Figure  3.3.3-12.  Across-Ply  Tensile  Evalualions  of  NARC  HRHU  at  2000°F 
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Figure  3.3.3-13.  Across-Ply  Tensile  Evaluations  of  NARC  HRI IU  at  2500  F 
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Figure  3.3.3-15.  Across-Ply  Tensile  Evaluations  of  NARC  IIRI1U  at  4500°F 
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Figure  3.4. 1-1.  Average  Warp  Compression  Ultimate  Strength  of  NARC  IIRHU 
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f igure  3.4. 1-2.  Average  Warp  Compression  Ultimate  Strain  of  NARC  11RHU 
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Figure  3.4. 1-3.  Average  Warp 
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Figure  3. 4. 1-5.  Warp  Compression  Evaluations  of  NARC  HRHU  at  500°F 
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PROJECT  NUMBER* 7033*3 
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STRAIN  (M1LS/IN) 

Figure  3.4. 1-8.  Warp  Compression  Evaluations  of  NARC  IIRHU  at  4500°F 
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Figure  3.4.1 -9.  Compression  Failure  Notation 
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Table  3. 4. 2-7.  Fill  Compression  Evaluations  for 
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Figure  3.4. 2-1.  Average  Fill  Compression  Ultimate  Strength  of  NARC  HRHU 
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Figure  3. 4. 2-2.  Average  Fill  Compression  Ultimate  Strain  of  NARC  HRHU 
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Initial  Elastic  Modulus  of  NARC  HR11U 
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PROJECT  NUMBER' 7033-3 
MATERIAL 'HRHU  FM5055 
TEMPERATURE' 750 
O AAA- 2- CM- FILL -2 
□ AAA-2-CM-F1LL-6 
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Figure  3.4  2-7.  Fill  Compression  Evaluations  of  NARC  IIRHU  at  750  F 


PROJECT  NUMBER* T033-3 


3 3 3 
XXX 
C C K C 
XXX 


fO 

<0  — <M 
_ I » « 

S — 1 — 1 — 1 

w)  m M M 


5 < < < 

- O DO 


00-21  00‘0l  00*8 

USX)  SSBdlS 


STRAIN  (MILS/ I N) 

Figure  3.4. 2-8.  Fill  Compression  Evaluations  of  NARC  HRFIU  at  900°F 
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Figure  3.4. 2-9.  Fill  Compression  Evaluations  of  NARC  HRHU  at  1200  1 
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Figure  3.4.2-11.  Fill  Compression  Evaluations  of  NARC  HRIiU  at  3500  F 
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STRAIN  (M1LS/IN) 

Figure  3.4.2-12.  Fill  Compression  Evaluations  of  NARC  HRHU  at  4500°F 
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Table  3.43-3.  Across-Ply  Compression  Evaluations  for  NARC  IIRI1U  at  350  F 
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Table  3. 4. 3-5.  Across-Ply  Compression  Evaluations  for  NARC  IIRIIU  at  500°F 


148 


Table  3. 4. 3-7.  Across-Ply  Compression  Evaluations  for  NAUC  I1RIIU  at  900  F 
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Table  3. 4.3-9.  Across-Ply  Compression  Evaluations  for  NARC  HRI1U  at  2000°F 
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Table  3.4.3-11.  Across-Ply  Compression  Evaluations  for  NARC  HRIIU  at  4500  F 
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Figure  3.4.3-1.  Average  Across-PIy  Compression  Ultimate  Strength  of  NARC  HRHU 
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Figure  3. 4. 3-3.  Average  Across-Ply  Compression  Initial  Elastic  Modulus  of  NARC  HRHU 
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ire  3.4. 3-5.  Across-Ply  Compression  Evaluation  of  NARC  IIRIIU  at  250°F 
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STRAIN  (MILS/ IN) 

Figure  3.4.3-6.  Across-Ply  Compression  Evaluation  of  NARC  HRHU  at  350°F 
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Figure  3.4.3-8.  Across-Ply  Compression  Evaluation  of  NARC  HRHU  at  500°F 
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Figure  3.4.3-10.  Across-IMy  Compression  Evaluation  of  NARC  HR11U  at  900  F 
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3.4.3-14.  Across-Ply  Compression 
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Figure  3.4.4- 1.  Average  45-WF  Compression  Ultimate  Strength  of  NARC  I IRHU 
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Figure  3.4. 4-2.  Average  45-WF  Compression  Ultimate  Strain  of  NARC  MRHU 
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Figure  3. 4. 4-3.  Average  45-WF  Compression  Initial  Elastic  Modulus  of  NARC  HRHU 
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Figure  3.4.4-5.  45-WF  Compression  Evaluations  of  NARC  HRIIU  at  350  F 
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Figure  3.4.4-8.  45-WF  Compression  Evaluations  of  NARC  HRHU  at  750°F 
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Figure  3.4. 4-1 1.  45-WF  Compression  Evaluations  of  NARC  HRHU  at  3500  F 


Evaluations  for  NARC  HRHU  at  Room  Temperature 
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Table  3.5.1-2.  Double  Notch  Shear  Evaluations  for  NARC  HRI1U  at  25l)°F 
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Table  3. 5. 1-3.  Double  Notch  Shear  Evaluations  for  NARC  IIRHU  at  350°F 
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Table  3.5.1-5.  Double  Notch  Shear  Evaluations  for  NARC  I1RHU  at  750°1‘ 
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Table  3.5.1-6.  Double  Notch  Shear  Evaluations  for  NARC  HRHU  at  900°F 


AVERAGE 1.4622 0.1486 0.1462 

STANDARD  DEVIATION 0.0068 0.0008 0.0017 

COEFFICIENT  OF  VARIATION  0.4667  0.5689  1.1696 


Table  3.5.1-8.  Double  Notch  Shear  Evaluations  for  NARC  I IRHU  at  2000°F 
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Figure  3.5.1-3.  Double  Notch  Shear  Failure  Modes 
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Table  3.5.2-2.  Warp  Roumanian  Shear  Evaluations 
for  NARC  HRHU  at  1200°F 
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Table  3.5.3-1.  Fill  Roumanian  Shear  Evaluations  for 
NARC  HRHU  at  Room  Temperture 
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Table  3 5.3-2.  Fill  Roumanian  Shear  Evaluations 
for  NARCHRHU  at500°F 
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Table  3.5.3-3.  Fill  Roumanian  Shear  Evaluations 
for  NARC  HRHU  at  600°F 
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Table  3.5.3-4.  Fill  Roumanian  Shear  Evaluations 
for  NARC  HRHU  at  750°F 
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Table  3. 5.3-5.  Fill  Roumanian  Shear  Evaluations 
for  NARC  HRHU  at  900°F 
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Table  3 5.3-6.  Fill  Roumanian  Shear  Evaluations 
for  NARC  HRHU  at  1200°F 
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Figure  3.5.4- 1 . Average  Across-Ply  Torsional  Ultimate  Strength  of  NARC  IIRI 1U 
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3.5  4-4.  Across-Ply  Torsional  Evaluations  of  NARC  HR!  1U  at  Room  Temperature 
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Figure  3.5.4-8.  Across-riy  Torsional  Evaluations  of  NARC  1 IRI 1U  »> 750  F 


TEMPERATURE *1200 

O AAA- I - TOR- A/P-5  HRHU  FM5055  7033- 

O 23HRHU-1-TOR-A/P-7  NARCFM5055  7134 


STRAIN  (MILS/IN) 

Figure  3.5.4-9.  Across-Ply  Torsional  Evaluations  of  NARC  HRHU  at  1200°F 
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Figure  3.5.4-10.  Across-Ply  Torsional  Evaluations  of  NARC  HRI IU  at  2000°F 
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Figure  3.5.4-12.  Across-Fly  Torsional  Evaluations  of  NARC  HRHU  at  3500°F 
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Figure  3.6-1.  RTG  Axial  Stress  of  NARC  IIRHU 


RTG-A/P-5  (AAA-1) 


temperature  (°F) 


Table  3.7-1.  Recommended  Values  of  Specific  Heat 

for  NARC  HRHU 


Temperature 

(*F) 

Specific  Heat 
(Btu/lb- *F) 

100 

0.283 

500 

0.343 

1000 

0.396 

1500 

0.435 

2000 

0.468 

2500 

0.490 

3000 

0.503 

3500 

0.512 

4000 

0.518 

4500 

0.521 

4800 

0.522 
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Table  3.8-1.  Warp  Thermal  Conductivity  of  Virgin  HRHU  using  Comparative  Rod  Apparatus 
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Table  3.8-2.  Warp  Thermal  Conductivity  of  2000°F  Char  HRHU  using  Comparative  Rod  Apparatus 
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Table  3.8-3.  Warp  Therma.  Conductivity  of  3500T  Char  HRHU  using  Comparative  Rod  Apparatus 
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Table  3.8-4.  Warp  Thermal  Conductivity  of  3500°F  Char  HRHU  using  Radial  Inflow  Apparatus 
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Warp  Thermal  Conductivity  of  3500°F  Char  HRHU  using 
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Table  3.8-6.  Fill  Thermal  Conductivity  of  Virgin  HRHU  using  Comparative  Rod  Apparatus 
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Thermal  Conductivity  of  2000-F  Char  HRHU  using  Comparative  Rod  Apparatus 
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Table  3.8-8.  Fill  Thermal  Conductivity  of  3500°F  Char  HRHU  using  Comparative  Rod  Apparatus 
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Table  3.8-9.  Fill  Thermal  Conductivity 
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Table  3.8-10.  Fill  Thermal  Conductivity  of  3500°F  Char  HRHU  using  Radial  Inflow  Apparatus 
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Thermal  Conductivity  of  Virgin  HRHU  using  Comparative  Rod  Apparatus 
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Table  3.8-12.  Across-Ply  Thermal  Conductivity  of  2000°F  Char  HRHU  using  Comparative  Rod  Apparatus 
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of  3500°F  Char  HRHU  using  Comparative  Rod  Apparatu 
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Table  3.8-14.  Across-Ply  Thermal  Conductivity  of  3500°F  Char  HRHU  using  Radial  Inflow  Apparatus 
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Temperature  - °F 

Figure  3.8-1.  Warp  Thermal  Conductivity  of  Virgin  NARC  HRHU 


Comparative  Rod  Apparatus 
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Figure  3.8-4.  Warp  Transient  Thermal  Conductivity  of  NARC  HRHU 


Specimen:  CRA-F-3  (3500  *F  Char 
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Temperature  - 

Figure  3.8-7.  Fill  Thermal  Conductivity  of  3500°F  Char  NARC  HRHU 
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Figure  3.8-9.  Across-Ply  Thermal  Conductivity  of  Virgin  NARC  HRHU 
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8-10.  Across-PIv  Thermal  Conductivity  of  2000°F  Char  NARC  HRHU 
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Figure  3.8-11.  Across-Ply  Thermal  Conductivity  of  3500°F  Char  NARC  HRHU 
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Temperature  - F 

Figure  3.8-12.  Across-Ply  Transient  Thermal  Conductivity  of  NARC  HRHU 


Table  3. 9.1-1.  Warp  Thermal  Expansion  of  HRHU  Billet  AAA-1 
Measured  in  Quartz  Dilatometer 


Specimen  Thermal 
Temp  Expansion 

(*F)  (10-3  in. /in.) 


70 

0 

Specimen:  CTE-W-1 

100 

0.24 

Run  No.:  H017-137-HR 

200 

0.84 

Initial  Length:  2.9994  in. 

300 

1.57 

Final  Length:  2.9925  in. 

400 

2.28 

Initial  Weight:  3.5248  gm 

450 

2.22 

Final  Weight:  2.9151  gm 

500 

2.07 

Density:  1.462  g/cc 

550 

1.99 

600 

1.67 

650 

1.34 

700 

1.21 

750 

1.22 

800 

1.24 

850 

1.29 

900 

1.30 

950 

1.28 

1000 

1.26 

1100 

1.04 

1200 

0.85 

1300 

0.71 

1400 

0.53 

1500 

0.48 

1600 

0.41 

1700 

0.25 

1800 

0.14 

70 

-2.23 

268 


Table  3.9.1-2.  Warp  Thermal  Expansion  of  HRHU  Billet  AAA-2 
Measured  in  Quartz  Dilatometer 


Temp 

(°F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

100 

0.26 

200 

0.87 

300 

1.67 

400 

2.36 

450 

2.45 

500 

2.11 

550 

2.03 

600 

1.84 

650 

1.42 

700 

1.33 

750 

1.22 

800 

1.24 

850 

1.28 

900 

1.34 

950 

1.35 

1000 

1.29 

1100 

1.14 

1200 

0.92 

1300 

0.67 

1400 

0.44 

1500 

0.35 

1600 

0.16 

1700 

0.08 

1800 

-0.03 

70 

-2.43 

Specimen:  CTE-W-1 

Run  No.:  H017 - 134 -HR 

Initial  Length:  2.9993  in. 

Final  Length:  2.9935  in. 

Initial  Weight:  3.5254  gm 

Final  Weight:  2.8227  gm 

Density:  1.462  g/cc 
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Table  3.9.1-3.  Warp  Thermal  Expansion  of  HRHU  Billet  AAA-3 


Measured  in  Quartz  Dilatometer 


Temp 

CF) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-W 

-1 

100 

0.29 

Run  No . : H017- 

144 -HR 

200 

1.04 

Initial  Length: 

3 . 0000 

in. 

300 

1.74 

Final  Length: 

2 . 9944 

in. 

400 

2.53 

Initial  Weight: 

3.5131 

gm 

450 

2.62 

Final  Weight: 

2.8341 

gm 

500 

2.47 

Density:  1.457 

g/cc 

550 

2.49 

600 

2.17 

650 

1.92 

700 

1.88 

750 

1.82 

800 

1.84 

850 

1.89 

900 

1.90 

950 

1.91 

1000 

1.86 

1100 

1.64 

1200 

1.32 

1300 

1.26 

1400 

1.03 

1500 

0.96 

1600 

0.83 

1700 

0.72 

1800 

0.62 

70 

-1.90 
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Table  3.9.1 -4.  Warp  Thermal  Expansion  of  HRHU  Billet  AAA 

Measured  in  Graphite  Dilatometer 
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Table  3.9.1-5.  Warp  Thermal  Expansion  of  HRHU  Billet  AAA-2 

Measured  in  Graphite  Dilatometer 
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Table  3.9.1-6.  Warp  Thermal  Expansion  of  HRHU  Billet  AAA-3 

Measured  in  Graphite  Dilatometer 
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Specimen:  CTE-Warp-1  AAA-1 

Run:  1;  Run  No.:  H017-137-HR 
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Unit  Thermal  Expansion  (AL/L)  in  10 


'Tnir-r  m&sa&saz  — 

• Specimen:  CTE-War?  HR 

Run:  l;  Run  No.  : H^-137-HR  - 

Initial  Length:  2 -9994  In. 

Final  Length:.. 2.9925^I_  , t 1 Tf 

Density:  1.462  g/cm 

■ specimen:  CTE-Warp-1  AAA  ^ 'Tm-T  • ■ 

Zn:  1,  Run  No.:  H017-134-HR; 

Initial  Length:  2.9993  in. 

Final  Length:  2.9935  in.  J~:  ^ 

Density:  1.462  g/cm  i. 

▲ Specimen:  CTE-Warp-1  AAA- 3 t; 

Run:  1;  Run  No.:  H017-144-HR  ■ 

Initial  Length:  3.0000  in.  u- 

- - Final  Length:.  2 . 9j44  _ln^_ 

- '''Density:  1.457  g/cm3  - 

□ Specimen:  CTE-Warp-1  AAA-2 

Run:  1;  Run  No.:  H144-54-182  K3 

Initial  Length:  2.9934  in. 

Final  Length:  3.0635  in. 


Mb-O  □ I I 

P,  Ragged  svrobo1*  represent  data 
I measured  after  room  temperature 


-*  o Specimen:  CTE-Warp-1 

■ rL:  1:  Run  No.:  H144-53-177  CTE 

'[  Initial  Length:  2.9938  In. 

1 Final  Length:  3.0673  In. 

O Specimen:  CTE-Uarp-1  AAA-3 

-•Run-  1;  Run  No.:  H144-56-182  K3 

Initial  Length:  2.9942  In. 

Final  Length:  3.0543  in. 


Temperature  - °F 


Figure  3.9.1-2.  Warp  Thermal  Expansion  of  NARC  HRHU  (105°F/40/&  RH) 
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Table  3.9.2-1.  Fill  Thermal  Expansion  of  HRHU  Billet  AAA-2 
Measured  in  Quartz  Dilatometer 


Temp 
( *F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-F-1 

100 

0.26 

Run  No. : H017-136-HR 

200 

1.04 

Initial  Length:  2.9994  in. 

300 

1.82 

Final  Length:  2.9884  in. 

400 

2.61 

Initial  Weight:  3.5192  gm 

450 

2.57 

Final  Weight:  2.7460  gm 

500 

2.25 

Density:  1.460  g/cc 

550 

2.16 

600 

1.84 

650 

1.50 

700 

1.38 

750 

1.35 

800 

1.34 

850 

1.36 

900 

1.37 

950 

1.31 

1000 

1.29 

1100 

0.98 

1200 

0.65 

1300 

0.34 

1400 

-0.01 

1500 

-0.29 

1600 

-0.56 

1700 

-0.72 

1800 

-0.86 

70 

-3.83 

Table  3.9.2-Z.  Fill  Thermal  Expansion  of  HRHU  Billet  AAA-3 
Measured  in  Quartz  Dilatometer 


Temp 

(*F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

100 

0.24 

200 

0.99 

300 

1.74 

400 

2.73 

450 

2.79 

500 

2.77 

550 

2.78 

600 

2.50 

650 

2.34 

700 

2.21 

750 

2.19 

800 

2.21 

850 

2.23 

900 

2.24 

950 

2.25 

1000 

2.22 

1100 

1.98 

1200 

1.65 

1300 

1.34 

1400 

1.03 

1500 

1.00 

1600 

0.71 

1700 

0.45 

1800 

0.17 

70 

- 2.57 

Specimen:  CTE-F-1 

Run  No.:  H017-130-HR 

Initial  Length:  3.0000  in. 

Final  Length:  2.9994  in. 

Initial  Weight:  3.5193  gm 

Final  Weight:  2.8071  gm 

Density:  1.455  g/cc 
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Table  3.9.2-3.  Fill  Thermal  Expansion  of  HRHU  Billet  AAA-2 

Measured  in  Graphite  Dilatometer 
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0) 


280 


Temperature  - °F 

Figure  3.9.2-1.  Fill  Thermal  Expansion  of  NARC  HRHU  (105°F/4O%  RH,  10°F/ 


Speciaen:  CTE-Fill-1  AAA-2 

Run:  1;  Run  No.:  H017-136-HR 

Initial  Langth:  2.9994  in. 

Final  Langth:  2.9884  in. 

Density:  1.460  g/cn 

Speciaen:  CTE-Fill-1  AAA-3 

Run:  1;  Run  No.:  H017-130-HR 

Initial  Langth:  3.0000  in. 

Final  Length:  2.9924  in. 

Density:  1.455  g/cm 


o Speciaen:  CTE-Fill-1  AAA  -2 

Run:  1;  Run  No.:  H144-52-180  K3 

Initial  Length:  2.9986  in. 

Final  Length:  3.0197  in. 

o Specimen:  CTE-Fill-1  AAA-1 

Run:  1;  Run  No.:  H144-49-180  K3 

Initial  Langth:  2.9922  in. 

Final  Length:  3.0232  in. 
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Ragged  symbols  represent  data 
measured  after  room  temperature 
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Figure  3. 9.2-2. 
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Fill  Thermal  Expansion  of  NARC  HRHU  (105°F/40%  RH) 


Table  3.9.3-1.  Across-Ply  Thermal  Expansion  of  HRHU  Billet  AAA-1 


Measured  in  Quartz  Dilatometer 


Temp 
( *F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen : CTE - A/P - 2 

100 

0.46 

Run  No. : H017-126-HR 

200 

1.24 

Initial  Length:  0.9998  in. 

300 

2.57 

Final  Length:  0.9790  in. 

400 

4.21 

Initial  Weight:  1.1692  gm 

450 

6.62 

Final  Weight:  0.9280  gm 

500 

17.14 

Density:  1.458  g/cc 

550 

26.17 

600 

48.18 

650 

54.68 

700 

52.02 

750 

49.33 

800 

48.35 

850 

49.37 

900 

52.78 

950 

57.29 

1000 

58.30 

1100 

50.52 

1200 

14.32 

1300 

-1.66 

1400 

-7.54 

1500 

-10.62 

1600 

-13.69 

1700 

-16.75 

1800 

-18.63 

70 

-21.69 
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Table  3.9.3-2.  Across-Ply  Thermal  Expansion  of  HRHU  Billet  AAA  2 
Measured  in  Quartz  Dila to  meter  


Temp 

(*F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

100 

0 .46 

200 

1.94 

300 

3.07 

400 

6.61 

450 

14.12 

500 

23.80 

550 

40.16 

600 

52.17 

650 

53.27 

700 

51.00 

750 

50.22 

800 

51.24 

850 

54.26 

900 

57.27 

950 

59.28 

1000 

58.39 

1100 

44.11 

1200 

11.32 

1300 

0.34 

1400 

-5.56 

1500 

-9.58 

1600 

-13.21 

1700 

-15.95 

1800 

-17.57 

70 

-19.35 

Specimen:  CTE-A/P-3 

Run  No.:  H017 - 128 -HR 

Initial  Length:  1.0000  in. 

Final  Length:  0.9808  in. 

Initial  Weight:  1.1687  gm 

Final  Weight:  0.9189  gm 

Density:  1.456  g/cc 
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Measured  in  Graphite  Dilatometer 
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Table  3.9.3-5.  Across-Ply  Thermal  Expansion  of  HRHU  Billet  AAA-1 
Measured  in  Quartz  Dilatometer  (Wet) 


Temp 

(°F) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-A/P-1  (WET) 

100 

0.36 

Run  No.:  H017-149-HR 

200 

2.04 

Initial  Length:  1.0010  in. 

300 

6.06 

Final  Length:  0.9855  in. 

400 

39.07 

Initial  Weight:  1.2107  gm 

450 

60.06 

Final  Weight:  0.9403  gm 

500 

72.07 

Density:  1.5048  g/cc 

550 

77.08 

600 

76.29 

650 

73.10 

700 

70.94 

750 

70.15 

800 

70.67 

850 

73.19 

900 

76.19 

950 

77.20 

1000 

76.21 

1100 

49.26 

1200 

21.30 

1300 

4.34 

1400 

-1.64 

1500 

-5.41 

1600 

-8.38 

1700 

-11.34 

1800 

-12.52 

70 

-15.08 
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TU  , g , 6 Across-Piv  Thermal  Expansion  of  HRHU  Billet  AAA-2 
Table  3.93-6.  Across  F.^  * ^ DUatometer(Wet) 


Specimen  Thermal 
Expansion 

(10-3  in. /in.) 


70 

100 

200 

300 

400 

450 

500 

550 

600 

650 

700 

750 

800 

850 

900 

950 

1000 

1100 

1200 

1300. 

1400 

1500 

1600 

1700 

1800 

70 


0 

0 .46 
2.04 
4.06 

38.05 

57.03 

70.03 
76.84 
76.55 

73.05 
70.10 
69.61 
70.13 

71.15 

73.15 

74.16 

73.17 
44.24 
18.29 

4.33 

-1.44 

-5.61 

-7.58 

-9.53 

-11.51 

-14.50 


Specimen:  CTE-A/P-1  (WET) 

Run  No.:  H017-150-HR 

Initial  Length:  1.0016  in. 

Final  Length:  0-9868  tn. 

Initial  Weight:  1.2107  6® 

Final  Weight:  0.9119  gm 

Density:  1.5039  g/cc 
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Table  3.93-7.  Across-Ply  Thermal  Expansion  of  HRHU  Billet  AAA-3 
Measured  in  Quartz  Dilatometer  (Wet) 


Temp 

CF) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-A/P-1  (WET) 

100 

0.46 

Run  No.:  H017-151-HR 

200 

2.04 

Initial  Length:  1.0011  in. 

300 

5.91 

Final  Length:  0.9888  in. 

400 

38.07 

Initial  Weight:  1.2052  gm 

450 

55.06 

Final  Weight:  0.9302  gm 

500 

69.06 

Density:  1.5050  g/cc 

550 

73.88 

600 

74.09 

650 

72.29 

700 

70.13 

750 

68.15 

800 

68.17 

850 

69.98 

900 

72.19 

950 

74.30 

1000 

74.21 

1100 

50.26 

1200 

22.30 

1300 

6.23 

1400 

0.36 

1500 

-2.52 

1600 

-5.58 

1700 

-8.44 

1800 

- 9.72 

70 

-12.71 

288 


Table  3.9.3-S.  Across-Ply  Thermal  Expansion  of  HKHUJ Billet  4582-0003 
Measured  in  Quartz  Dilatometer  (Dry) 


70 

100 

200 

300 

400 

450 

500 

550 

600 

650 

700 

750 

800 

850 

900 

950 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

70 


Specimen  Thermal 
Expansion 

(10-3  in. /in.) 


0 

0.36 

1.84 

2.87 

5.91 

12.12 

21.65 

32.18 

40.19 

48.20 
48.74 
47.25 
47.27 
49.29 
51.80 

53.51 

52.52 

32.33 

10.33 
2.34 

-1.64 
-3.52 
-5.59 
- 7.55 
-8.79 
-12.21 


Specimen:  CTE-A/P-1  (DRY) 

Run  No.:  H017-142-HR 

Initial  Length:  0.9994  in. 

Final  Length:  0.9885  in. 

Initial  Weight:  1.1509  gm 

Final  Weight:  0.9381  gm 

Density:  1.4501  g/cc 
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Table  3.9.3-9.  Across-PIy  Thermal  Expansion  of  HRHU  Billet  4582-0003 
Measured  in  Quartz  Dilatometer  (Dry) 


Temp 

CF) 

Specimen  Thermal 
Expansion 
(10-3  in. /in.) 

70 

0 

Specimen:  CTE-A/P-2  (DRY) 

100 

0.36 

Run  No.:  H017-138-HR 

200 

1.84 

Initial  Length:  0.9992  in. 

300 

2.87 

Final  Length:  0.9888  in. 

400 

5.11 

Initial  Weight:  1.1597  gm 

450 

12.13 

Final  Weight:  0.9625  gm 

500 

22.06 

Density:  1.4475  g/cc 

550 

30.38 

600 

44.21 

650 

50.71 

700 

48.75 

750 

47.76 

800 

48.00 

850 

49.30 

900 

53.31 

950 

56.32 

1000 

56.33 

1100 

36.44 

1200 

11.33 

1300 

3.34 

1400 

-1.44 

1500 

-3.62 

1600 

-6.10 

1700 

-7.56 

1800 

-8.34 

70 

-11.36 

290 


Table  3.9.3-10.  Across-PIy  Thermal  Expansion  of  HRHU  Billet  AAA-2 
Measured  in  Quartz  Dilatometer  (Dry) 


Temp 

(°F) 

Specimen  Thermal 
Expansion 

(10-3  in. /in.) 

70 

0 

100 

0.31 

200 

1.34 

300 

2.57 

400 

4.22 

450 

7.13 

500 

16.06 

550 

24.10 

600 

34.22 

650 

45.24 

700 

48.18 

750 

47.49 

800 

47.31 

850 

49.33 

900 

52.55 

950 

56.36 

1000 

56.37 

1100 

40.87 

1200 

11.34 

1300 

0.84 

1400 

-2.64 

1500 

-5.63 

1600 

-8.40 

1700 

-10.57 

1800 

-12.15 

70 

-14.57 

Specimen:  CTE-A/P-2  (DRY) 

Run  No.:  H017-140-HR 

Initial  Length:  0.9985  in. 

Final  Length:  0.9847  in. 

Initial  Weight:  1.1536  gm 

Final  Weight:  0.9023  gm 

Density:  1.4432  g/cc 
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Thermal  Expansion  (AL/h)  10 


Temperature  - r 


Figure  3.93-2.  Across-Plv  Thermal  Expansion  of  NARC  HRHU  (105  F/40%  RH) 


Specimen:  CTE-A/P-1  AAA-1 

Run:  1;  Run  No.:  H017-149-HR 

Initial  Length:  1.0010  In. 


•UT/'ui  C_0I  UT  (1/17)  uoTsupdxs  3iun 
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CTE-A/P- 1-4582 -0003 


■ui/'UT  £_0I  UT 


(1/1V)  uoxsuedxi  xEU1J9Hl  ^Tun 


50 
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Temperature  - r 

3 9.3-4.  Across-Ply  Thermal  Expansion  of  NARC  HRHU  (Dry*  ^ F/se  ) 


Table  3.10-1.  Average  Dynamic  Thermal  Response  of  NARC  HRHU  in  the  Fill 

Direction  at  100  Btu/  fP-sec 


[■BH 

0 

79 

78 

79 

5 

85 

78 

79 

10 

190 

79 

79 

15 

268 

84 

81 

20 

388 

99 

84 

25 

518 

123 

91 

30 

631 

154 

100 

35 

741 

190 

113 

40 

847 

227 

132 

45 

947 

268 

162 

| 50 

1041 

310 

195 

55 

1128 

353 

208 

60 

1207 

397 

209 

65 

1277 

441 

214 

70 

1340 

485 

249 

75 

13% 

527 

280 

80 

1446 

569 

308 

85 

1490 

611 

337 

90 

1530 

653 

366 

95 

1567 

694 

3% 

100 

1600 

734 

426 

105 

1630 

776 

455 

110 

1657 

815 

486 

115 

1682 

853 

516 

120 

1704 

892 

546 
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Table  3.10-2.  Average  Dynamic  Thermal  Response  of  NARC  HRHU  in  the  Fill 

Direction  at  300  Btu/ft^-sec 


Time 

Hot  Thermocouple 

Mid  Thermocouple 

Cold  Thermocouple 

(sec) 

Temperature  (°F) 

Temperature  (°F) 

Temperature  ( F) 

o 

79 

78 

78 

5 

96 

78 

78 

10 

176 

83 

84 

15 

397 

88 

87 

20 

752 

110 

90 

25 

1145 

154 

100 

30 

1521 

214 

123 

35 

1805 

288 

160 

40 

2009 

374 

184 

45 

2168 

476 

202 

50 

2293 

588 

230 

55 

2386 

710 

260 

60 

2367 

842 

311 

297 


Table  3.10-3.  Average  Dynamic  Thermal  Response  of  NARC  HRHU  in  the  Across-Ply 

Direction  at  100  Btu/ ft2-sec 


WSM 

Hot  Thermocouple 
Temperature  (°F) 

Mid  Thermocouple 
Temperature  (°F) 

Cold  Thermocouple 
Temperature  (°F) 

79 

79 

79 

5 

80 

79 

79 

10 

104 

79 

79 

15 

159 

81 

80 

20 

218 

87 

83 

25 

278 

99 

87 

30 

338 

116 

94 

35 

395 

138 

103 

40 

453 

160 

114 

45 

522 

180 

128 

50 

600 

200 

144 

55 

681 

218 

159 

60 

761 

234 

174 

65 

849 

262 

187 

70 

938 

291 

199 

75 

1022 

317 

211 

80 

1100 

341 

233 

85 

1170 

367 

253 

90 

1231 

390 

273 

95 

1285 

414 

293 

100 

1333 

437 

314 

105 

1375 

459 

334 

no 

1411 

481 

355 

115 

1444 

504 

375 

120 

1474 

532 

3% 

298 


Table  3.10-4.  Average  Dynamic  Thermal  Response  of  NARC  HRHU  in  the  Across-Plv 

Direction  at  300  Btu/  ft^-sec 


Time 

Hot  Thermocouple 

Mid  Thermocouple 

Cold  Thermocouple 

(sec) 

Temperature  (°F) 

Temperature  (°F) 

Temperature  (°F) 

0 

86 

86 

86 

5 

94 

86 

87 

10 

141 

88 

89 

15 

224 

96 

94 

20 

327 

110 

104 

25 

476 

130 

119 

30 

668 

155 

137 

35 

978 

183 

154 

40 

1252 

214 

170 

45 

1470 

250 

187 

50 

1643 

289 

208 

55 

1782 

330 

232 

60 

18% 

371 

258 

299 


1800 


Figure  3.10-1.  Dynamic  Thermal  Response  of  NARC  HRIiU  in  Ihe  Fill  Direclion  (Flux-100) 


1600 


20(H) 


Flux=300) 


Table  3.11-1.  Emmitance  for  NARC  HRHU 


Temperature  (*F) 

1533 

1784 

2004 

2282 

2676 

2965 

1509 

1710 

1905 

2203 

2417 

2886 

3132 


Total  Normal  Emittance 


0.81 

0.80 

0.87 

0.87 

0.87 

0.82 

0.83 

0.77 

0.77 

0.82 

0.85 

0.81 

0.84 


Specimen  Run  Number 

D0245-102 

D0245-102 

D0245-102 

D0245-102 

D0245-102 

D0245-102 

D0245-103 

D0245-103 

D0245-103 

D0245-103 

D0245-103 

D0245-103 

D0245-103 


1578 

2080 

2364 

2686 

3032 

3388 


0.83 

0.82 

0.85 

0.85 

0.88 

0.83 


D0245-125 

D0245-125 

D0245-125  W 

D0245- 125 
D0245 - 125 
D0245-125 


304 


305 


3.11-1.  Total  Normal  Emittance  of  NARC  HRHU 
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Figure  3.12-3.  Thermogravimelric  Analysis  of  NARC  I1RI1U  (AAA-2) 
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Table  3.12-1.  Thermogravimetric  Analysis  of  NARC  HRHU 


BILLET 

SRI 

ID 

PYROLYSIS 
ON-SET 
TEMP  f°Fl 

PYROLYSIS 
OFF-SET 
TEMP  (°F1 

PYROLYSIS 
% WEIGHT 
LOSS 

AAA-1 

TG167.TG 

873 

1 

12.0 

AAA-1 

TG171.TG 

873 

11.4 

AAA-2 

TG161.TG 

802 

14.2 

AAA-2 

TG173.TG 

849 

13.6 

AAA-3 

TG165.TG 

856 

1294 

12.6 

AAA-3 

TG175.TG 

873 

1360 

12.5 

AVERAGE 

854 

1318 

12.7 

312 


Table  3.13-1.  Maximum  Moisture  of  NARC  HRHU 
Soaking  in  Deionized  Water  at  120°F 


313 


oos 


314 


0.00 


Table  3.13-2.  Maximum  Moisture  of  NARC  HRHU 
Drying  in  Vacuum  Oven  at  230°F 


ELAPSED 

TIME 

DATE  Qua) 


9-Jul-91 

11- Jul-91 

12- Jul-91 

15- Jul-91 
17-Jul-91 
19-Jul-91 
23-Jul-91 

30-JuI-91 

5-Aug-91 

13- Aug-91 
21- Aug-91 
29-Aug-91 

4-Sep-91 

16- Sep-91 


0 

48 

72 

144 

192 

240 

336 

504 

648 

840 

1032 

1224 

1368 

1656 


SQRT.  OF 
ELAPSED 
TIME 

(his) 


SPECIMEN  WEIGHT 


0.00 

6.93 

8.49 
12.00 
13.86 

15.49 
18.33 
20.78 

22.45 

25.46 
26.38 

28.98 
32.12 

34.99 

36.99 
40.69 


AAA-1 

1 


AAA-2 

2 


AAA-3 

3 


0.6275 

0.5897 

0.5852 

0.5806 

0.5787 

0.5776 

0.5786 

0.5768 

0.5770 

0.5758 

0.5759 

0.5759 

0.5760 

0.5759 


0.6211 

0.5862 

0.5826 

0.5761 

0.5742 

0.5727 

0.5738 

05716 

0.5717 

0.5709 

0.5707 

05707 

0.5707 

05707 


0.6487 

0.6125 

0.6089 

0.6028 

0.6032 

0.6022 

0.5986 

0.5983 

0.5980 

0.5974 

0.5980 

0.5979 
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12.00 
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Figure  3. 13-2.  Maximum  Moisture  of  NARC  I1RHU  Drying  in  Vacuum  Oven  at  230°F  (110°C) 


Table  3.14-1.  Volatiles  Content  of  NARC  HRHU 
Dried  in  Vacuum  Oven  at  230  F 


ELAPSED 


TIME 

nitc  Hint 

* a* 

27-Feb-91 

0 

2S-Mar-91 

696 

18-Apr-91 

1200 

24- Apr-91 

1344 

7-May-91 

1656 

10- May-91 

1728 

16-May-91 

1872 

20- May-91 

2040 

28- May-91 

2160 

S-Jun-91 

2352 

1 10-Jun-91 

2472 

19-Jun-91 

2688 

26-Jurt-91 

2856 

3-jul-91 

3024 

9-Jul-91 

3168 

16-JuJr91 

3336 

24- Jul-91 
30- Jul-91 

3528 

3672 

27- Feb-91 


28- Mar-91 


18-Apr-91 
24- Apr-91 
’-May-91 
10-May-91 
16-May-91 
23-May-91 
28- May-91 
5-Jun-91 
10-Jun-91 
19-]un-91 
26-Jun-91 
3-Jui-91 
9-Jul-91 
16-Jul-91 
24-]ul-91 
30-ful-91 


696 


1200 

1344 

1656 

1728 

1872 

2040 

2160 

2352 

2472 

2688 

2856 

3024 

3168 

3336 

3528 

3672 


SQRT.  OP 
elapsed 

TIME 

(to) 

0.00 
4.90 
8.49 
14.70 
19.60 
26.38 
29.80 

32.50 
34.64 
36.66 
40.69 
41.57 
43.27 
45.17 
46.48 

48.50 
49.72 
51.85 
53-44 
54.99 
56.28 
57.76 
59.40 
60.60 


0.00 

4.90 

8.49 

14.70 

19.60 

26.38 

29.80 

32.50 

34.64 

36.66 

40.69 

41.57 

43.27 

45.17 

46.48 

48.50 

49.72 

51.85 

53.44 

54.99 

56.28 

57.76 

59.40 

60.60 


SPECIMEN  weight 
AAA-1  AAA-2  AAA-3 


2.9960 


2.9294 


2.8854 

18856 

18827 

18822 

18817 

18817 

18820 

18813 

18822 

18802 

18802 

18791 

13785 

18790 

18771 

18771 


0.00 


122 


3.69 

3.68 

3.78 

3.80 
3.82 

3.82 

3.81 

3.83 
3.80 
3.87 
3.87 

3.90 
3.92 

3.91 
3.97 
3.97 


3.0107 


19435 


18982 

18999 

18967 

18960 

18963 

18960 

18963 

18955 

18948 

18942 

13941 

13934 

13926 

18930 

18907 

18911 


0.00 


123 


3.74 

3.68 

3.79 
3.81 

3.80 

3.81 
3.80 
3.83 
3.85 
3.87 
3.87 

3.90 
3.92 

3.91 
3.99 
3.97 


3.1095 

3.0825 

3.0651 

3.0443 

3.0282 

3.0099 

3.0103 

3.0045 

3.0013 

19980 

19951 
19955 

19952 
19955 


MEAN 

0.00 

0.00 

0.87 

0.87 

1.43 

1.43 

110 

110 

161 

161 

223 

3.20 

3.20 

3.19 

3.19 

3.38 

3.60 

3.48 

3.61 

3.59 

3.72 

3.68 

3.76 

3.67 

3.76 

3.68 

3.77 

3.67 

3.76 

3.83 

3.83 

3.87 

3.87 

3.90 
3.92 

3.91 
3.98 
3.97 
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Figure  3.14-1.  Volatiles  Content  of  NARC  HRHU  Dried  in  Vacuum  Oven  at  230°F  (110°C) 
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Standard  Devia 

Figure  4.1-1.  Fill  Tensile  Ultimate  Strength  Distributions 


Table  4.1-1.  Fill  Tensile  Averages  at  70°F 


AVHRACE  VALUES 


PHASE/ BILLET 

NUMBER 
OF  SAMPLES 

■nHSSl 

BREAK 

VELOCITY 

fin/usec) 

PEAK 

VELOCITY 

(in/lisec) 

INT.  ELASTIC 
MODULUS 
(Msi> 

■ 

■ 

ULTIMATE 

STRESS 

NARC  HRHU  (RSRM) 

AAA-1 

1 

1.4654 

0.1623 

0.1604 

2.60 

0.0112 

AAA-2 

8 

1.4691 

0.1610 

0.1597 

170 

0.0128 

AAA-3 

1 

1.4653 

0.1610 

0.1604 

Z60 

0.0124 

17100 

4582-0003 

2 

1.4703 

0.1625 

0.1613 

2.58 

0.0091 

13860 

NARC  HRHU  (DEV) 

■ 

23HRHU-1 A 

5 

1.4733 

0.1687 

0.0116 

17031 

NARC  HRHU  (QUAL) 

■Mi 

AAA-1 

6 

0.1611 

0.1599 

2.55 

17060 

AAA-2 

6 

■ESS' 

0.1611 

2.70 

■ll 

17698 

AAA-3 

5 

1.4625 

| 0.1621 

0.1611 

2.77 

16860 

NARC  HRHU  (D5) 

■■ 

■■■■■ 

9999-4453 

3 

1.4681 

■Wl 

2.76 

0.0119 

16920 

BILLET 

STANDARD  DEVIATIONS 

NARC  HRHU  (RSRM) 

AAA-1 

_ 

. 

AAA-2 

0.0010 

0.0006 

0.0005 

0.12 

0.0004 

945 

AAA-3 

- 

- 

. 

_ 

4582-0003 

0.0006 

0.0002 

0.0003 

0.29 

0.0004 

1471 

NARC  HRHU  (DEV) 

23HRHU-1 A 

0.0012 

0.04 

0.0005 

214 

NARC  HRHU  (QUAL) 

AAA-1 

0.0008 

0.0006 

0.0004 

0.11 

0.0010 

1034 

AAA-2 

0.0127 

0.0006 

0.0004 

0.05 

0.0008 

855 

AAA-3 

0.0033 

0 0003 

0.0002 

0.19 

0.0003 

648 

NARC  HRHU  (D5) 

9999-4453 

0.0008 

0.0003 

0.0000 

0.04 

0.0008 

764 

| 

BILLET 

COEFFICIENT  OF  VARIATION 

s 

NARC  HRHU  (RSRM) 

AAA-1 

_ 

. 

I 

. 

AAA-2 

0.0666 

0.3741 

0.3008 

4.6044 

3.3539 

5.1365  | 

AAA-3 

- 

. 

. 

4582-0003 

0!0433 

0.1306 

0.1754 

11.2588 

3.9067 

10.6117 

NARC  HRHU  (DEV) 

23HRHU-1 A 

0.0835 

0.5964 

0.6033 

1.3211 

4.4111 

1.2586 

NARC  HRHU  (QUAL) 

AAA-1 

0.0534 

'0.3762 

0.2734 

4.3103 

79510 

6.0397 

AAA-2 

0 8662 

0.3732 

0.2445 

6.3955 

4.8319 

AAA-3 

0.2257 

0.1597 

0.1416 

6.8051 

2.6834 

3.8423 

NARC  HRHU  (D5)  < 

9999-4453 

0.0541 

0.1826 

0.0000 

1.4493 

7.1305 

4.5134 
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Table  4.1-2.  Fill  Tensile  Averages  at750°F 


standard  deviations 


NARC  HRHU  (RSRM) 

BILLET 

AAA-2 

AAA-3 

0.0013 

0.0036 

0.0004 

0.0004 

3 1 rtl’lL'rti 

0.0005 
' 0.0006 

0.1275 

0.0495 

0 0024 
0.0017 

937 

240  j 

NARC  HRHU  (DEV) 

23HRHU-1 A 

0.0016 

0.1365 

0.0020 

1815 

— — 

NARC  HRHU  (QUAL) 

m 

0.0004 

0.0004 

00003 

0.0737 

0.0750 

0.0980 

00066 

0.0057 

0.0034 

746 

1039 

932 

NARC  HRHU  (D5) 

9999-4453 

0.0017 

0.1241 

- 

0.0321 

0.0042 

1493 

COEFFICIENT  OF  VARIATIONS 


NARC  HRHU  (RSRM) 

BILLET 

AAA-2 

AAA-3 

0 0866 
0.2466 

0.2551 

0.2640 

0.3206 

0.3536 

15.8626 

4.1077 

11.9413 

10.0418 

! 

8.2445 

2.3501 

NARC  HRHU  (DEV) 

23HRHU-1 A 

0.1097 

0.3091 

0.2000 

12.9499 

7.2700 

17  2692 

NARC  HRHU  (QUAL) 

AAA-1 

AAA-2 

AAA-3 

0.0500  1 

0.0837 

0.2170 

0.2500 

0.3306 

0.2160 

0.2210 

0.2496 

0.1983 

11.0643 

9.1200 

11.1340 

21 .9068 
24.5431 
16.3197 

0.9752 

9.7239 

10.4810 

NARC  HRHU  (D5) 

9999-4453 

0.1169 

- 

4.8218 

321 


Table  4.1-3.  Fill  Tensile  Averages  at  2000°F 


AVERACE  VALUES 


PHASE/ BILLET 

NUMBER 
OF  SAMPLES 

■ 

HKmHI 

m 

■ 

1 

■ 1 

NARC  HRHU  (RSRM) 
AAA-2 

3 

0.1610 

0.1596 

1.4629 

0 0023 

3144 

AAA-3 

1 

0.1604 

0.1596 

0.3800 

0.0076 

2950 

AAA-2  (194049) 

3 

1.4716 

0.1609 

0.1600 

2.4567 

0.0015 

2628 

NARC  HRHU  (QUAL) 

AAA-1 

5 

1.4669 

0.1609 

0.1598 

1.5420 

0.0033 

3345 

AAA-2 

3 

1.4689 

0.1624 

0.1613 

1.4767 

0.0043 

3754 

NARC  HRHU  (D5) 

9999-4453 

3 

1.4702 

0.1647 

2700 

BILLET 

STANDARD  DEVIATIONS 

NARC  HRHU  (RSRM) 

AAA-2 

0.0020 

0.0006 

0.0005 

0.2674 

0.0005 

467 

AAA-3 

- 

- 

- 

- 

- 

AAA-2  (194049) 

0.0002 

0.0003 

0.0003 

0.0643 

0.0001 

283 

NARC  HRHU  (QUAL) 

AAA-1 

0.0010 

0.0003 

0.1747 

0.0005 

242 

AAA-2 

0.0011 

0.0002 

0.1266 

0.0014 

170 

NARC  HRHU  (D5) 

9999-4453 

0.0005 

0.0006 

0.0003 

0.1250 

0.0008 

1060 

i 

BILLET 

COEFFICIENT  OF  VARIATIONS 

NARC  HRHU  (RSRM) 

AAA-2 

0.1363 

0.3498 

0.3255 

18.2820 

20.0245 

14.8608 

AAA-3 

- 

- 

- 

- 

AAA-2  (194049) 

Q.0118 

0.1865 

0.1805 

2.6170 

7.8730 

10.7518 

NARC  HRHU  (QUAL) 

AAA-1 

0.0674 

WM 

0.1104 

11.3294 

14.4855 

7.2346 

AAA-2 

0.0750 

m 

0.2177 

8.5749 

31.9072 

4.5403 

NARC  HRHU  (DS) 

9999-4453 

0.0312 

0.3792 

0.1764 

8.6032 

37.5901 

39.2732 
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Table  4.2-1.  Across-Ply  Tensile  Averages  at  70°F 


AVERAGE  VALUES 


PHASE/ BILLET 

NUMBER 
OF  SAMPLES 

■TOf/SHM 

1 

1 

■ 

mKmSrsWm 

■ 

1 

■ 

NARCHRHU(RSRM) 

AAA-1 

19 

1.4692 

0.1487 

0.1482 

2.15 

0.0018 

3733 

AAA-2 

1 

1.4712 

0.1485 

0.1481 

109 

0.0017 

3560 

AAA-3 

18 

1 4663 

0.1496 

0.1484 

2.12 

0.0016 

3374 

NARC  HRHU  (DEV) 

mu 

23HRHU-1B 

2 

1.4773 

2.41 

4302 

NARCHRHU  (QUAL) 

AAA-1 

2 

1.4710 

0.1479 

2.06 

3278 

AAA-2 

2 

1.4727 

0.1487 

109 

0.0017 

3489 

AAA-3 

2 

1.4660 

0.1489 

2.08 

0.0016 

3326 

NARCHRHU  (D5) 

9999-4453 

3 

1.4714 

0.1530 

0.0016 

3645 

BILLET 

STANDARD  DEVIATIONS 

NARCHRHU  (RSRM) 

AAA-1 

00004 

0.0002 

0.1844 

0.0002 

253.6 

AAA-2 

- 

. 

AAA-3 

0 0014 

0.0004 

0.1408 

0.0001 

137.4 

NARCHRHU  (DEV) 

23HRHU-1B 

0.0010 

0.0566 

110.3 

NARCHRHU  (QUAL) 

AAA-1 

0.0001 

0.0002 

0.0001 

0.0495 

348.7 

AAA-2 

0 0001 

0.0001 

0.0000 

0.0566 

0.0000 

2.8 

AAA-3 

0.0049 

0.0004 

0.0002 

0.0566 

92.6 

NARCHRHU  (D5) 

9999-4453 

0.0002 

0.0003 

0.0002 

0.0058 

0.0001 

1690 

BILLET 

COEFFICl  ENT  OF  VARIATION 

s 

NARC  HRHU  (RSRM) 

AAA-1 

0.0274 

0.1144 

0.1611 

8.5880 

9.4572 

6.7953 

AAA-2 

. 

AAA-3 

0.0943 

0.3473 

0.2801 

6.6575 

75404 

4.0729 

NARCHRHU  (DEV) 

23HRHU-1B 

0.0670 

0.0456 

0.0456 

2.3472 

4.0406 

2 56-4 1 

NARC  HRHU  (QUAL) 

AAA-1 

0.0018 

0.1425 

00956 

2.4086 

17.6777 

16.7393 

AAA-2 

00096 

00947 

0.0000 

17066 

AAA-3 

0.3328 

0.2363 

0.1425 

2.7262 

KSI 

NARC  HRHU  (DS) 

9999-4453 

0.0157 

0.1961 

Bi 

n 

Table  4.2-2.  Across-Ply  Tensile  Averages  at  2000°F 


aver; 

^CE  VALUES 

— 

number 

("AC  CAMP!  PS 

density 

fem/cm3! 

BREAK 

VELOCITY 

(In/ysecl 

PEAK 

VELOCITY 

fin/us*c) 

I NT.  ELASTIC 

modulus 

fMsil 

ULTIMATE 

STRAIN 

(ip/in) 

ULTIMATE  j 
STRESS 

(p*1* i 

PHASE/BILLET 

NARCHRPF(RSRM) 

AAA-1 

AAA-2 

AAA  ‘X 

0.1487 

0.1486 

0.14% 

0.1482 

0.1481 

0.1484 

gg 

329  ! 

365  i 

212 

Ann- j 

NARC  HRPF  (DS) 

jVwATt  MCI 

3 

14718 

1 

259  - | 

BILLET 

STANDA 

RD  DEVIATIONS 

NARC  HRPP  (RSRM) 

AAA-1 

AAA-2 

AAA-3 

0.0005 

0.0000 

0.0014 

0.0001 

0.0000 

0.0006 

0.0002 

0.0000 

0.0003 

0.0500 

0.0000 

0.0435 

0 0012 
0.0000 
0.0007 

33  ! 

0 

37  ! 

NARC  HRPF  (DS) 

9999-4453 

0.0003 

0.0002 

0.0003 

0.0115 

0.0001 

17  ! 

BILLET 

COEFF1C1E 

NT  OF  VARIATION 

sES 

[ 

NARC  HRPF  (RSRM) 

AAA-1 

AAA-2 

AAA-3 

0.0340 

0.0000 

0.0955 

0.0672 

0.0000 

0.4011 

0.1350 

0.0000 

0.2022 

45.4545 

0.0000 

29.0000 

23.5294 
0.0000 
29  1667 

10.0304  | 

00000 
17  4528 

NARC  HRPP  (DS) 

9999-4453 

i 0.0204 

0.1309 

01979 

6.3889 

2.3750 

6 5637  , 
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r>00() 
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Table  4.3-1.  Double  Notch  Shear  Averages  at  70°F 


AVERAGE  VALUES 


PM  A CP  / TUT  LET 

number 
OF  samples 

DENSITY 

(gm/cm3) 

BREAK 

VELOCITY 

fin/uscc) 

PEAK 

VELOCITY 

(in/usec) 

ULTIMATE 
STRESS 
<P9i) 

NARC  HRHU  (RSRM) 
AAA-1 
AAA-2 
AAA-3 
0-45 

5 

5 

13 

4 

1.4639 

13122 

13083 

1.4587 

0.1500 

0.1487 

0.1506 

0.1491 

H 

4187 

3545 

4148 

4481 

BIT  LET  STANDARE 

DEVIATION 

s 

NARC  HRHU  (RSRM) 

AAA-1 

AAA-2 

AAA-3 

0-45 

1 

1 

1 

0.0020 

0.0011 

0.0012 

0.0007 

0.0024 

0.0009 

0.0015 

0.0009 

541 

1023 

409 

468 

BILLET  COEFFICIEN1 

OF  VARIATH 

ONS 

NARC  HRHU  (RSRM) 

AAA-1 

AAA-2 

AAA-3 

0-45 

0.2879 

63748 

5.6803 

0.4640 

1.3078 

0.7281 

0.7716 

0.4428 

1.6444 

0.6209 

1.0319 

0.5929 

12.91 

28.85 

9.86 

10.44 
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5.1. 1-1.  Warp  Tensile*  Ullimate  Strength  Comparison  of  NARC  HRHU  to  Historical  1<M5055  Materials 
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Figure  5. 1.1-2.  Warp  Tensile  Ultimate  Strain  Comparison  of  NARC  IIRI  IU  to  Historical  FM5055  Materials 
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5.1. 1-3.  WarpTensile  Initial  Elastic  Modulus  Comparison  of  NARC  HR1IU  to  Historical  FM5055  Materials 


Table  5.1. 2-1.  Fill  Tensile  Comparisons  of  NARC  HRI1U  to  Historical  FM5055  Materials 
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Figure  5.1 .2-1.  Fill  Tensile  Ultimate  Strength  Comparison  of  NARC  HRHU  to  Historical  FM5055  Materials 
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Figure  5.1. 2-2.  Fill  Tensile  Ultimate  Strain  Comparison  of  NARC  HRIiU  to  Historical  FM5055  Materials 
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5 1 .2-3.  Fill  Tensile  Iniiial  Elastic  Modulus  Comparison  of  NARC  I IRI IU  to  1 Iistorical  FM5055  Materials 


Table  5.1.3- 1.  Across-Ply  Tensile  Comparisons  of  NARC  URI1U  to  Historical  FM5055  Materials 
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of  NARC  IIRHU  lo  Historical  FM5055  Materials 
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Figure  5. 1.3-2.  Across-Ply  Tensile  Ultimate  Strain  Comparison  of  NARC  HRHU  to  I lislorical  FM5055  Materials 
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ison  of  NARC  IIRIIU  lo  Historical  FM5055  Materials 


2 

^ v 

^ v 

^ s 

/%*> 

*v^ 

> 

> 

> 

> 

> 

> 

>" 

> 

m 

CO 

X 

X 

X 

X 

r-T 

r^r 

V 

X 

X 

DC 

X 

,^*N 

X 

X 

X 

X 

' " 

N — ' 

N — ' 

> — ' 

' 

' — ' 

' ' 

X 

X 

X 

X 

3 

r- 

X 

r. 

X 

CL 

X 

)—* 

hJM 

X 

X 

1 

X 

X 

X 

MM 

CP 

X 

Q 

Q 

X 

X 

X 

X 

rv* 

X 

X 

X 

X 

X 

X 

!"""* 

X 

X 

s 

X 

o 

u 

o 

o 

u 

o 

u 

o 

a 

o 

DC 

X 

X 

X 

X 

X 

X 

X 

X 

X 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

X 

X 

X 

X 

X 

X 

X 

X 

X 

<] 

◄ 

> 

► 

0 

• 

□ 

■ 

O 

♦ 

^ ^ W iri 

X LC  — D — 

X X ® — 1 <u 

O O Q 3 — 

C\2  C\2  _ ~ ~ 

— ' Cl-  C2 

5 5 1 = r 

= = a>2~ 

CCQ  — CL 

— — — Q Q 


73 

o 

CL 

> 

< 


73 

O 

CL 

> 

< 


73 

O 

CL 

> 

< 


<U 

u 

CL 

> 

< 


<D 

U 

CL 

> 

< 


(*qi)  ujo\  jad  pooq  ajtsuax  ||ij  puo  djo^ 

340' 


Table  5.3. 1-1.  Warp  Compression  Comparison  of  NARC  HRHU  to  Historical  FM5055  Materials 
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o 5.3.1-3.  Warn  Compression  Initial  Elastic  Modulus  Comparison  of  NARC  IIRIIU  to  Historical  FM5055  Materials 


345 


(tsd)  SSH'HIS  HIV  Winn 


8 


8 


m 


8 


CN 


8 


8 


o 


U- 

LU 

a: 

ZD 

H 

< 

a: 

LU 

a- 

2 

LU 

H 


346 


gure  5.3. 2-1.  Fill  Compression  Ullimate  Strength  Comparison  of  NARC  IiRHU  to  Historical  FM5055  Materials 
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5 .3.2-2.  Fill  Compression  Ultimate  Strain  Comparison  of  NARC  URHU  to  Historical  FM5055  Materials 
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gure  5. 3. 2-3.  Fill  Compression  Initial  Elastic  Modulus  Comparison  of  NARC  HRIIU  to  Historical  FM5055  Materials 
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Figure  5.3.3- 1.  Across-Ply  Compression  Ullimate  Strength  Comparison  of  NARC  I1RHU  to  Historical  FM5055  Materials 
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Figure  5. 3.3-2.  Across-Ply  Compression  Ultimate  Strain  Comparison  of  NARC  HRIIU  to  Historical  FM5055  Materials 
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Figure  5.3.3-3.  Across-Ply  Compression  Initial  Elastic  Modulus  Comparison  of  NARC  IIRIIU  to  Historical  FM5055  Materials 
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Figure  5.3.4- 1 . 45-WF  Compression  Ullimale  Strenglh  Comparison  of  NARC  HRI1U  to  Historical  FM5055  Materials 
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Figure  5.3.4-2.  45-WF  Compression  Ultimate  Strain  Comparison  of  NARC  IIRIIU  to  Historical  FM5055  Materials 


Table  5.4. 1-1.  Double  Notch  Shear  Comparison  of  NARC  HRHU  to  Historical  I-M5055  Materials 
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Figure  5. 4. 1-1.  DNS  Ultimate  Stress  Comparison  of  NARC  HRHU  to  Historical  FM5055  Materials 


of  NARC  HRHU  to  Historical  FM5055  Materials 
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Figure  5.4. 2-2.  Across-Ply  Torsional  Ultimate  Strain  Comparison  of  NARC  HRIIU  to  Historical  FM5055  Materials 
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Figure  5. 4. 2-3.  Across-Ply  Torsional  Modulus  Comparison  of  NARC  I IRI  IU  to  I Iislorical  FM5055  Materials 
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Figure  5.5-1.  Warp  Thermal  Conductivity  Companion  of  NARC  HRHU  to  Historical  FM5055  Materials 


Temperature  (°F) 

Figure  5.5-2.  Fill  Thermal  Conductivity  Comparison  of  NARC  HRHU  to  Historical  FM5055  Materials 
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Figure  5.6-1.  Warp  Thermal  Expansion  Comparison  of  NARC  HRHU  to  Historical  FM5055  Materials 
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Figure  5.6-2.  Fill  Thermal  Expansion  Comparison  of  NARC  HRHU  to  Historical  FM5055  Materials 
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Figure  5.6-3.  Fill  Thermal  Expansion  Comparison  of  NARC  HRHU  to  Historical  FM5055  Materials 
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Figure  5.6-4.  Across-Ply  Thermal  Expansion  Comparison  of  NARC  HRHU  to  Historical  FM5055  Materials 
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Figure  5.6-5.  Across-Ply  Thermal  Expansion  Comparison  of  NARC  HRHU  to  Historical  FM5055  Materials 
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1.0 


INTRODUCTION 


This  is  the  final  report  to  Thiokol  Corporation  on  the  work  performed  at  SRI 
under  P.O.  Number  ORK008.  This  is  Volume  V (Characterization  Effort)  of  the  NARC 
material  evaluation  series  which  covers  the  HRHF  and  HRPU  verification  testing. 

1.1  Objective 

The  purpose  of  this  effort  was  to  perform  verification  testing  on  NARC 
HRHF  and  HRPU  in  an  attempt  to  provide  comparisons  of  critical  failure  modes  to 

NARC  HRPF  and  HRHU. 

1.2  Material  Description 

The  materials  evaluated  for  this  volume  of  the  Characterization  Effort  was 
FM5055  (HRPU)  and  MX4926  (HRHF).  The  HRPU  material  contains  NARC  Rayon 
yams  woven  by  Highland  using  a Rapier  Loom.  The  rayon  cloth  was  carbonized  by 
Polycarbon  and  the  carbonized  cloth  was  prepregged  by  U.S.  Polymeric.  The  HRHF 
material  also  contains  NARC  Rayon  yams  woven  by  Highland  using  a Rapier  Loom. 
The  rayon  cloth  was  carbonized  by  Hitco  and  the  carbonized  cloth  was  prepregged  by 
Fiberite.  The  prepregs  were  laid  up  and  cured  at  Thiokol  Corporation.  The  code  used 
in  this  study  for  the  material  process  is  shown  in  Figure  1.2-1. 

1.3  Test  Matrix 

The  test  matrix  for  this  effort  is  shown  in  Table  1.3-1.  All  mechanical 
specimens  designated  to  be  tested  in  the  temperature  range  of  250  to  1200°F  were 
conditioned  at  105°F/40%  RH  for  approximately  three  months  (i.e.,  until  their  weights 
stabilized).  The  data  obtained  from  the  Development  and  Qualification  Efforts  were 
included  with  the  results  obtained  from  the  Characterization  Effort  to  provide  a larger 
statistical  database.  The  RTC  data  for  the  HRHF  and  HRPU  was  not  available  at  the 
time  of  this  writing.  This  data  will  be  included  in  a later  edition  as  soon  as  it  is 

available. 
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1.4 


Specimen  Preparation 


An  important  part  of  the  specimen  preparation  is  individual  specimen 
identification.  Each  specimen  is  assigned  a unique  designation.  Each  specimen  is  then 
stored  in  an  appropriately  marked  envelope  as  soon  as  it  is  removed  from  the  bulk  part. 
The  envelope  is  labeled  with  the  project  number,  specimen  number,  material  type  and 
specimen  location.  By  maintaining  strict  label  requirements,  the  history  of  each 
individual  specimen  can  then  be  tracked  through  logbooks  and  through  comments  and 
signatures  written  on  the  envelope. 

The  specimen  identification  system  to  be  employed  in  this  investigation  is  as 

follows: 


RS  - F - 1 

' Specimen  Number 

Orientation  - Typical  Evaluations 

F - Fill 

A/P  * Across-Ply 

Type  of  Evaluation 

MIC  - Microscopy 

TN  - Tension 

CM  - Compression 

RTG  - Restrained  Thermal  Growth 

CTE  - Thermal  Expansion 

CRA  - Comparative  Rod  Apparatus 

TGA  - Thermal  Gravimetric  Analysis 

MD  - Moisture  Diffusion 

RC  - Resin  Content 

VOL  - Volatile  Content 

DNS  - Double  Notched  Shear 

RS  - Roumanian  Shear 


1.5  Cutting  Plans 


The  NARC  based  carbon  phenolic  materials  used  in  the  Characterization  effort 
were  made  in  16"  x 15"  x 3.5"  billets.  For  each  material,  one  billet  and  a quarter  zone  of 
an  SRM  throat  ring  were  received.  The  billet  for  HRHF  was  identified  as  BBB-3  (4997) 
and  the  billet  for  HRPU  was  identified  as  AAA-6  (4997).  The  specimen  blanks  were 
removed  from  the  billets  as  illustrated  in  Figures  1.5-1  and  1.5-2. 


~> 


2.0 


TEST  PROCEDURES 


The  procedures  for  the  Characterization  Effort  tests  are  provided  in  the  report 
entitled  "Carbon  Phenolic  Test  Procedures  for  NARC  Materials",  report  number  SRI- 
MME-90-1157-7033,  of  this  series.  Specimen  drawings  are  also  included  in  this  volume. 

3.0  EXPERIMENTAL  RESULTS 


3.1  Nondestructive  Analysis 


3.1.1  Density 

The  dimensions  and  weights  were  determined  on  the  fully  machined  blanks  in 
order  to  obtain  bulk  densities.  The  mechanical  evaluation  tables  include  individual 
densities  for  each  specimen  as  well  as  the  average  density. 


3.1.2  Velocity 

The  break  and  peak  velocities  were  determined  on  the  fully  machined  blanks 
in  the  test  orientation.  These  velocities  are  listed  in  the  appropriate  mechanical  tables. 

3.1.3  Radiographs 

Radiographs  were  performed  for  all  mechanical  specimens.  The  radiographs 
showed  straight  and  uniformly  spaced  yams,  no  density  bands,  and  no  cracking  or 
debonding. 

3.2  Microscopy 

3.2.1  Microscopic  Analysis 

The  material  was  microscopically  investigated  using  a Nikon  Epiphot  stereo 

microscope.  Samples  from  each  billet  were  impregnated  and  polished  for  the  fill  across 
ply  and  warp  across-ply  orientations. 
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The  micrographs,  shown  in  Figures  3.2.1-1  through  3.2.1-8,  show  very  little 
evidence  of  matrix  or  yam  cracking  and  no  pores,  non-uniform  ply  spacing,  or  resin 
rich  zones.  The  HRHF  is  comparable  to  the  HRHU  in  the  sense  that  both  materials 
exhibit  large  amplitudes  and  crimp  angles  in  the  fill  yams  while  the  warp  yams  have 
low  amplitudes  and  crimp  angles  (straighter  yams).  Materials  carbonized  by  Hitco 
typically  exhibit  this  type  of  pattern.  Likewise,  the  HRPU  is  comparable  to  the  HRPF  in 
that  both  materials  display  balanced  warp  and  fill  crimp  angles  and  amplitudes.  Again, 
this  is  typical  behavior  for  materials  carbonized  by  Polycarbon.  The  microscopic 
evaluations  are  tabulated  in  TableS  3.2.1-1  and  3.2.1-2  for  the  fill  across-ply  and  warp 
across-ply  orientations. 

3.3  Tension  (Warp,  Fill,  and  Across-Ply) 

3.3.1  Warp  Tension 

Warp  tension  evaluations  were  conducted  at  70,  750,  and  2000°F.  Specimens 
were  loaded  at  a rate  of  10  ksi/min.  Elevated  temperature  runs  were  made  at  10°F/ sec. 
Tables  3.3.1-1  through  3.3.1-3  show  the  individual  results  for  the  HRHF  and  Tables 
3.3.1-4  through  3. 3. 1-6  show  the  individual  results  for  the  HRPU.  These  tables  also 
show  the  individual  results  from  the  Development  and  Qualification  Efforts  where 
applicable.  The  data  from  all  of  the  phases,  unless  noted  in  the  tables,  was  used  to 
obtain  the  averages.  Figures  3.3.1-1  through  3.3.1-9  display  the  warp  tensile  stress- 
strain  responses.  Note  that  these  figures  also  contain  the  data  from  the  previous  efforts. 

Figures  3. 3. 1-1  through  3.3. 1-3  show  a comparison  of  the  average  ultimate 
strength,  ultimate  strain,  and  initial  elastic  modulus,  respectively,  at  the  various  test 
temperatures  for  both  HRHF  and  HRPU.  The  individual  stress-strain  responses  are 
shown  in  Figures  3.3.1-4  through  3.3. 1-9.  These  evaluations  show  good  groupings  at  all 
temperatures. 

3.3.2  Fill  Tension 

Fill  tensile  evaluations  were  conducted  at  RT,  750,  2000,  3500,  and  4500° F. 
Specimens  were  loaded  at  a rate  of  10  ksi/min  and  all  elevated  temperature  runs  were 
made  at  10°F/sec.  The  results  are  tabulated  in  Tables  3. 3. 2-1  through  3. 3.2-5  for  the 
HRHF  and  Tables  3.3.2-6  through  3.3.2-10  for  the  HRPU.  The  results  are  plotted  in 
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Figures  3.3.2-1  through  3.3.243.  The  data  from  the  prevrous  efforts,  where  available,  is 
also  included  in  these  tables  and  figures.  Figure  3.3.244  gives  the  key  to  the  failure 
modes  found  in  the  tables. 

The  average  ultimate  strengths,  ultimate  strains,  and  initial  elastic  moduli  for 
the  various  test  temperatures  for  HRHF  and  HRPU  are  plotted  in  Figures  3.3.2-1 
through  3.3.2-3.  Figures  3.3.2-4  through  3.3.2-13  show  the  individual  stress-stram 
responses.  At  2000’F,  a noticeable  difference  exists  between  the  HRHF  evaluated  under 
this  effort  and  the  HRHF  evaluated  under  the  Qualification  effort.  Tins  difference  is 

also  noticeable  in  the  HRPU  data. 


3.3.3  Across-Ply  Tension 

The  across-ply  tensile  evaluations  were  conducted  at  RT,  350,  500,  750, 1200, 
2000,  3500,  and  4500°F.  The  across-ply  specimens  were  loaded  at  a rate  of  1 ksi/mrn 
and,  where  applicable,  heated  at  1‘F/sec.  The  heating  and  load  rate  were  chosen  to 
reduce  internal  pressures  generated  during  heatup.  The  results  are  tabulated  in  Tables 
3 3 3-I  through  3.3.3-8  for  HRHF  and  3.3.3-9  through  3.3.3-16  for  HRPU  and  plotted  in 
Figures  3.3.3-1  through  3.3.3-19.  The  data  from  the  previous  efforts  are  included  where 

available. 


Figures  3.3.3-1  through  3.3.3-3  show  the  average  ultimate  strengths,  ultimate 
strains,  and  initial  elastic  moduli  for  the  across-ply  tensile  evaluations  of  HRHF  and 
HRPU  at  the  various  test  temperatures.  The  individual  evaluations  are  shown  in 
Figures  3.3.3-4  through  3.3.3-19.  These  evaluations  show  good  groupings  with  some 

scatter  in  the  data  at  500°F. 

3.4  Double-Notch  Shear 

Double  notch  shear  (DNS)  tests  were  conducted  at  RT,  350,  750,  and  2000°F. 
The  tests  were  conducted  with  a loading  rate  of  1 ksi/min  and,  when  applicable,  a 
heating  rate  of  l0F/sec.  The  nature  of  the  test  allows  only  for  the  determination  of 
ultimate  stress  data.  The  results  are  tabulated  in  Tables  3.4-1  through  3.4-4  for  HRHF 
and  3. 4.1-5  through  3.4.1-8  for  HRPU.  The  results  are  plotted  in  Figures  3.4-1  and  3.4-2 
These  figures  show  some  scatter  in  the  data  at  room  temperature  but  fairly  good 
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grouping  at  the  remaining  temperatures.  The  key  to  the  failure  modes  is  given  in 
Figure  3.4-3. 

3.5  Thermal  Expansion  (Fill,  and  Across-Ply) 

The  thermal  expansion  of  NARC  HRHF  and  HRPU  was  measured  in  the  fill 
and  across-ply  directions.  The  quartz  dilatometer  was  used  for  tests  to  1500°F  and  the 
graphite  dilatometer  was  used  for  tests  up  to  5000°F.  Thermal  expansion  tests  were 
conducted  on  specimens  conditioned  at  105°F/ 40%  RH  (as-received).  All  specimens 
were  heated  at  10°F/ sec. 

3.5.1  Fill  Thermal  Expansion 

Figures  3.5. 1-1  and  3.5.1-2  show  the  fill  unit  thermal  expansion  of  two  W 
diameter  specimens  for  the  HRHF  and  HRPU,  respectively,  as  measured  in  the  quartz 
dilatometer.  The  fill  specimens  initially  expanded  until  reaching  400°  F.  The  expansion 
of  the  HRHF  specimens  leveled  off  until  approximately  1000°F  where  they  began 
shrinking  slowly  back  to  zero  expansion.  The  HRPU  specimens  exhibited  a more  rapid 
shrinkage  after  400°F  before  leveling  off  at  approximately  650°F.  After  1000°F,  the 
HRPU  specimens  also  began  shrinking  slowly  back  to  zero  expansion.  Figures  3. 5. 1-3 
and  3.5.1-4  show  the  response  of  the  same  two  specimens  run  in  the  graphite 
dilatometer,  overlaid  with  the  quartz  data.  The  shrinkage  continues  for  both  materials 
to  approximately  2000°F.  After  2000°F  the  thermal  expansion  began  increasing.  At 
5000°F  the  expansion  of  the  HRHF  was  continuing  to  increase  whereas  the  expansion  of 
the  HRPU  had  leveled  off  at  approximately  4500°F.  Tables  3.5. 1-1  through  3.5. 1-6  show 
the  raw  recorded  data. 

3.5.2  Across-Ply  Thermal  Expansion 

Figures  3.5.2-1  and  3.5.2-2  show  the  across-ply  thermal  expansion  results 
obtained  after  testing  in  the  quartz  dilatometer  for  the  HRHF  and  HRPU.  Both 
materials  exhibited  an  initial  peak,  understandably  due  to  water  and  volatiles.  The 
initial  peak  of  the  HRPU,  however,  was  approximately  35%  higher  than  the  initial  peak 
of  the  HRHF.  The  second  peak  (due  to  expanding  pyrolysis  gases)  of  the  HRPU 
specimens  was  approximately  62  x 10"^  in./ in.  while  the  HRHF  specimens  peaked  at 
approximately  51  x 10*^  in./ in.  The  graphite  facility  data  obtained  shows  rapid 
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shrinkage  occurring  after  1000°F  for  both  matenals.  At  5000°F  the  shrinkage  of  the 
HRPU  was  approximately  129%  greater  than  the  HRHF  shrinkage. 

4.0  COMPARISONS  TO  HRPF  AND  HRHU 

This  section  will  compare  the  mechanical  properties  of  the  Characterization 
effort  NARC  HRHF  and  HRPU  to  the  NARC  HRPF  and  HRHU  materials. 

4.1  Tension  (Warp,  Fill,  and  Across-Ply) 

4.1.1  Warp  Tension 

Average  warp  tensile  ultimate  stress,  ultimate  strain,  and  initial  elastic 
modulus  comparisons  are  shown  in  Figures  4. 1.1-1  through  4.1. 1-3,  respectively.  The 
HRHF  appears  to  have  equivalent  or  slightly  better  stress  and  modulus  values  than  the 
HRHU  but  lower  strain  capabilities.  The  HRPU  appears  to  have  overall  better  or 
equivalent  warp  properties  than  the  HRPF.  As  can  be  seen  from  these  figures,  there  is 
no  significant  separation  of  data  by  carbonizer  or  prepregger.  The  results  are  tabulated 
in  Table  41.1-1. 

4.1.2  Fill  Tension 

The  fill  tensile  average  comparisons  are  shown  in  Figures  4.1. 2-1  through 

4.1. 2- 3.  Again,  there  is  no  distinct  separation  of  data  by  carbonizer  or  prepregger. 
Overall,  the  HRHF  appears  to  have  equivalent  stress  and  strain  capabilities  to  the 
HRHU  but  better  modulus  values.  The  HRPU  appears  to  be  equivalent  to  the  HRPF  in 
all  fill  tensile  properties  with  the  exception  of  the  modulus  at  3500°F.  At  this 
temperature,  the  HRPU  modulus  is  approximately  145%  higher  than  the  HRPF 
modulus.  The  results  are  tabulated  in  Table  4. 1.2-1. 

4.1.3  Across-ply  Tension 

The  across-ply  tensile  comparisons  are  shown  in  Figures  4.1. 3-1  through 

4.1. 3- 3.  On  the  whole,  these  figures  show  tight  groupings  between  all  four  matenals 
with  the  exception  of  some  scatter  in  the  strain  data  at  4500°F.  The  HRHF  appears  to 
have  equivalent  or  slightly  better  across-ply  properties  than  the  HRHU.  The  HRPU  has 
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equivalent  stress  and  modulus  values  to  the  HRPF  but  slightly  lower  strain  capabilities. 
Table  4.1.3-1  contains  the  tabulated  values. 

4.2  Correlation  to  Crimp  Angle 

A relationship  between  the  yam  crimp  angle  and  the  maximum  load  per  yam 
is  displayed  in  Figure  4.2-1.  At  room  temperature  and  750°F  this  relationship  is 
expressed  by  a straight  line  showing  the  crimp  angle  to  be  inversely  proportional  to  the 
maximum  yam  load.  At  2500°F,  where  the  matrix  is  very  inelastic,  stress 
concentrations  at  the  bend  of  the  crimp  angle  are  reduced  due  to  the  lowered  matrix 
support  of  yams.  The  result  is  a reduced  effect  of  crimp  angle  at  elevated  temperatures. 

The  materials  fall  into  three  distinct  groupings  by  carbonizer;  Hitco  fill. 
Polycarbon,  and  Hitco  warp.  These  groupings  show  the  materials  carbonized  by  Hitco 
with  low  crimp  angles  (warp  tension)  have  the  highest  load  per  yam  at  failure  while  the 
materials  which  have  high  crimp  angles  (fill  tension)  yield  the  lowest  loads  per  yam  at 
failure.  Typically,  the  materials  carbonized  by  Polycarbon,  with  nearly  balanced  crimp 
angles,  yield  loads  per  yam  between  the  extremes  of  the  Hitco  materials.  As  shown,  the 
NARC  HRHF  evaluated  under  this  effort  follows  the  trend.  The  warp  orientation  of  the 
NARC  HRPU,  however,  is  shown  to  be  comparable  to  the  Hitco  warp  orientation. 

4.3.1  Double-Notch  Shear 

The  double-notch  shear  ultimate  stress  comparisons  are  shown  graphically  in 
Figure  4.3. 1-1.  This  figure  shows  some  scatter  between  the  four  materials  at  70  and 
350° F but  fairly  tight  grouping  at  750  and  2000°F.  At  750  and  2000°F  the  HRHF  is 
comparable  to  the  HRPF  while  the  HRPU  is  shown  to  be  almost  identical  to  the  HRHL. 
Table  4.3. 1-1  contains  the  tabulated  data. 
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5.0 


Conclusions 


The  NARC  HRHF  appears  to  have  equivalent  in-plane  properties  to  the 
NARC  HRHU  and  equivalent  or  better  across-ply  properties.  Comparisons  between 
the  HRHF  and  HRPF  reveal  the  HRHF  to  have  slightly  better  in-plane  properties  while 

the  across-ply  properties  appear  to  be  generally  equivalent 

The  HRPU  is  found  to  have  equivalent  or  better  in-plane  properties  than  the 

HRPF  and  equivalent  or  lower  across-ply  properties.  Comparisons  between  the  HRPU 
and  HRHU  on  the  whole  show  the  two  materials  to  be  equivalent  in  in-plane  and 
across-ply  properties.  Crimp  angle  analysis  reveals  the  warp-oriented  HRPU  evaluate 
under  this  effort  to  be  more  in-family  with  Hitco  carbonized  matenals  m terms  of  loa 
per  yam.  This  is  due  to  the  fact  that  the  HRPU  has  an  uncharacteristically  low  warp 
crimp  angle  for  a Polycarbon  carbonized  material. 
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Fill  Across-Ply  Micrograph  of  NARC  HRHF  (RSRM)  at  lOOx 
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Fill  Across-Ply  Micrograph  of  NARC  HRPU  (RSRM)  at  lOOx 
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CHARACTERIZATION  OF  NARC  HRPU  AND  HISTORICAL  CARBON  PHENOLIC  MATERIALS 
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arp  Tensile  Evaluations  of  NARC  HRHF  Data  Generation  Material  at  2000°F 


ensile  Evaluations  of  NARC  HRPU  Data  Generation  Material  at  Room  Temperature 
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Warp  Tensile  Evaluations  of  NARC  HRPU  Data  Generation  Material  at  750°F 
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Warp  Tensile  Evaluations  of  NAUC  I IRI’l)  Pa  la  Generation  Material  at  750°  F 


Fill  Tensile  Evaluations  of  NARC  HR1IF  Data  Generation  Material  at  Room  Temperature 
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Fill  Tensile  Evaluations  of  NARC  HRPU  Data  Generation  Material  at  2000°F 
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Mil  I ensile  Evaluations  for  NARCIIRIIE  Data  (ieneration  Material  at  Room  Temperature 
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f NAUC  IIRIIF  Data  Generation  Material  at  750  !• 
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Fill  Tensile  Evaluations  of  NARC  Data  Generation  Material  at  2000°F 
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I NAKC  I IR1  II;  Data  Genoralion  Material  al  3500°  1' 
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Fill  Tensile  Hvalualions  of  NARC  IlKI’U  Oala  Generation  Material  at  Room  Temperature 
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Mil  Tensile  Fvaluations  of  NARC  ( J Data  Generation  Material  al  750°F 


2SS2S22<<<< 

2 § 2 2 2 E 2 2 2 2 

333?????SS^ 

iSiiliiiiii 


< < 

11 

3 ? 

2 2 
x x 

u y 

a£  =6 
< < 
2 Z 


< < 
3 3 

a o 

EE 

26  36 

u y 

26  Si 
< < 
z z 


< < 
3 3 

22 
3 3 
2 


< < 

a 2 


< < 
3 3 

ag 


3 p 3 3 ^ £ 

— "T  ^ ^ V 5i 


u y 

C6  si 
< < 
z z 


26  Si 

X X 

u y 

Si  36 
< < 
z z 


26  36 

y y 

36  ai 
< < 
Z Z 


,n 

3 


59 


f NAKC  1 IKIH)  Data  Generation  Material  at  2000° 


61 


'eubilt:  I'Vdlu.ilions  of  NAKC  I IKI’U  l)ala  Geueialion  Material  al  4500°l; 


Across-Ply  Tensile  Evaluations  of  NARC  1IRIIF  Data  Generation  Material  at  Room  Temperature 


63 


Across-Ply  Tensile  Evaluations  of  NARC  HRHF  Data  Generation  Material  at  350°F 
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Across-Ply  Tensile  Evaluations  of  NARC  HRHF  Data  Generation  Material  at  750°F 
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A,  mss-ply  Tensile  Hvalualions  of  NARC  IIRHF  Data  Generation  Material  at  350°F 
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Across-Ply  Tensile  Evaluations  of  NARC  IIRPU  at  750°F 
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Fill  Double  Notched  Shear  Evaluations  of  NARC  11KI1F  Data  Generation  Material  at  750°F 


100 


w ^ 

§ d ss^ssss 

►JO  hhS^hhhh 


2 2 S S S S 8 ^ S'  * S 
2 = 22S^  5^« 


C^S.»r-lJ\r-^30  r*  IT* 

glllsiSS^Isi 

'J^ddddccc  dod 


n m sp  in  ao  ^ vc 

OnOOnOvOO^^ 

-T-r,T’T'^r^^rs 

r—  *—  r*  r~  <"1 

o o o o c o © 


QN  (N  1*  J1  ^O  C £ 

rO  ro  rf  -f  CO  CN  CN  II 

\0  vO  ^0  d ^O  vO  ^0  It* 

»f  rp  Tf  ■?  I'  ^ 


CS  (N  (N  (N  (N  tN  tN 


Z 

uj  w _ 

s o -g 

u<  = 

W W ^ 
C* 

L/5 


in  lt>  m in  ip  £>  in 

n n ^ ^ ^ ^ 

m rn  m m cn  m cn 


cC  cC  ?T  o.  £*  ts 


2222222 

OC  CZ  C£  CZ  DU  Ci  cd 

cn  cn  cn  cn  cn  cn  cn 

Ci  Ci  C£  UL  c£  fid 

U-U.U-U-U-U.LL. 

inn:; 

O'  K K C£  C£  C£  C£ 

X X X X X X X 

u u u u u u u 

^ s DC  Cl  az  e£ 

<<<<<<< 

zzzzzzz 


Fill  Double  Notched  Shear  Evaluations  of  NARC  IIRPU  Data  Generation  Material  at  Room  Temperature 
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Fill  Double  Notched  Shear  Evaluations  of  NARC  HRPU  Data  Generation  Material  at  350°F 
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Fill  Double  Notched  Shear  Evaluations  of  NARC  HRPU  Data  Generation  Material  at  750°F 
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Fill  Double  Notched  Sheer  Evaluations  of  NARC  IIRPU  Data  Generation  Material  at  2000"F 
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Shear  Strength  of  NARC  I IRPU 
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Temperature  - °F 

Fill  Ihermai  Exnansion  of  NARC  HRPU  Data  Generation  Material  (10  "F/sec,  As-Received) 


Unit  Thermal  Expansion  (AL/L)  in  10“  in. /in. 
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Quartz  Dilatometer 

o Specimen:  CTE-Fill-1 

Run:  1;  Run  No. : H230-66-HR 

Initial  Length:  2.9990  in. 

Final  Length:  2.9896  in. 

Density:  1.452  g/cm3 


□ Specimen:  CTE-Fill-2 

Run:  1;  Run  No.:  H230-67-HR 

Initial  Length:  2.9990  in. 

Final  Length:  2.9990  in. 

Density:  1.452  g/cm3 


Graphite  Dilatometer 

o Specimen:  CTE-Fill-1 

Run:  1;  Run  No.:  H144- 61- 182K3 

Initial  Length:  2.9896  in. 

Final  Length:  3.0159  in. 

Density:  1.184  g/cm3 


□ Specimen:  CTE-Fill-2 

Run:  1;  Run  No.  : H144-62  - 17  7CTE 
Initial  Length:  2.9903  in. 

Final  Length:  - in. 

Density:  1.195  g/cm3 
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I Flagged  symbols  represent  data 
measured  after  room  temperature 
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Fill  Thermal  Expansion  of  NARC  HRHF  Data  Generation  Material 
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Unit  Thermal  Expansion  (AL/L)  in  1CT3  in. /in. 


i 


o Specimen:  CTE-Fill-1 

Run  No.:  H230-73-HR 

Initial  Length:  2.9993  in. 

Final  Length:  2.9900  in. 

Density:  1.4524  g/cm3 

□ Specimen:  CTE-Fill-2 

Run  No . : H230-74-HR 

Initial  Length:  2.9992  in. 

Final  Length:  2.9907  in. 

Density:  1.4522  g/cm3 

o Specimen:  CTE-Fill-1 

Run  No.:  H144-64- 177-CTE 

Initial  Length:  2.9900  in. 

Final  Length:  3.0253  in. 


□ Specimen:  CTE-Fill-2 

Run  No.:  H144-66-177-CTE 

Initial  Length:  2.9905  in. 

Final  Length:  3.0295  in. 


Temperature  - °F 

Fill  Thermal  Exnnnsion  of  NARC  HRPU  Data  Generation  Material 
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Specimen:  GTE - A/P -1  AAA -6 
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Temperature  - F 

Across-Ply  Thermal  Expansion  ot  NARC  HRPIJ  Data  Generation  Material  (10  °F/sec,  As-Received) 


Unit  Thermal  Expansion  (AL/L)  in  10  in. /in 


Flagged  symbols  represent  data 
measured  after  room  temperature 


-60| 


□ Specimen:  CTE-A/P-2 

Run:  1,  Run  No.:  H144-63-182  K3  5 

Initial  Length:  0.9918  in. 

Final  Length: 

Density:  1.100  g/cm1 

O Specimen:  CTE-A/P-3 

Run:  1,  Run  No,:  H144-60-177  CTE 

Initial  Length:  0.9900  in. 

Final  Length:  0.9500  in. 

Density:  1.151  g/cm3 
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Across-Plv  Thermal  Expansion  of  NARC  HR M F Data  Generation  Material 
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(JniL  Thermal  Expansion  (AL/L)  in  1CT3  in. /in. 


if 


\ 


o Specimen:  CTE-A/P-1 

Run  No. : H144-65 - 182-K3 

Initial  Length:  0.9733  in. 

Final  Length:  0.9103  in. 

□ Specimen:  CTE-A/P-2 

Run  No.:  H144-67- 182-K3 

Initial  Length:  0.9738  in. 

Final  Length:  0.9118  in. 

• Specimen:  CTE-A/P-1 

Run  No.:  H230-72-HR 

Initial  Length:  0.9996  in. 

Final  Length:  0.9733  in. 

Density:  1.4555  g/cm3 


■ Specimen:  CTE-A/P-2 

Run  No.:  H230-70-HR 

Initial  Length:  0.9996  in. 

Final  Length:  0.9739  In. 

Density:  1.4534  g/cm3 

A Specimen:  CTE-A/P-3 

T Run  No. : H230-71-HR 

Initial  Length:  0.9997  in. 

Final  Length:  0.9711  in. 

Density:  1.4541  g.cm3 

^ Specimen:  CTE-A/P-3 

Run  No.:  H144-68- 182 -K3 

Initial  Length:  0.9718  in. 

Final  Length:  0.9072  in. 


Flagged  symbols  represent  data  [ 
measured  after  cooling  to  room 
temperature  ! 


Temperature  - °F 


Across-Ply  Thermal  F.xnanslon  of  NARC  HRPU  Data  Generation  Material 


116 


30000 


117 


Warp  Tensile  Ultimate  Stress  Comparison 
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Warp  Tensile  Ullinmte  Strain  Comparison 
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WurpTonsilt;  Initial  lllastk  Modulus  Comparison 


Warp  Tensile  Comparison  of  NARC  IIRIIF,  IIRPF,  1IRHU,  and  HRFU 
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Fill  Tensile  Ultimate  Stress  Comparison 
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Fill  Tens  i It*  Ultimate  Strain  Comparii 
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I ill  Tonsilo  1 nil  id  l l:lasli<  Modulus  Comparison 


Fill  Tensile  Comparison  of  NARC  IIRHF,  IIRPF,  I1RIIU,  and  IIRPU 
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TEMPERATURE  (F) 
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A<  ross-Ply  Tensile  Ultimate  Strain  Comparison 


2.50 


127 


At  ross-Ply  Tensile  Initial  Elastic  Modulus  Comparison 


Across-ply  Tensile  Comparison  of  NARC IIRIIF,  IIRI'F,  I1RIIU,  and  IIRPU 
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« NARC  HRHF  (RSRM) 
II  NARC  HRPU  (RSRM) 
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Crimp  Angle  (degrees) 


5000 


130 


TEMPERATURE  (F) 


NARC  HRHU  (RSRM)  DNS-AVG.  70  1.4934  0.1499  0.1469  4093 

NARC  HRPU  (RSRM)  DNS-AVG.  70  1.4629  0.1513  0.1482  4531 

NARC  HRHU  (RSRM)  DNS-AVG.  350  1.4621  0.1497  0.1473  4298 

NARC  HRPU  (RSRM)  DNS-AVG.  350  1.4641  0.1503  0.1475  3289 

NARC  HRHU  (RSRM)  DNS-AVG.  750  1.4598  0.1487  0.1456  1554 
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